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VABSTRACT
Bangladesh is one of the few countries of the world where the 
vast majority of people live at a very low level of absolute poverty.
The situation is aggravated by shortage of foodgrains resulted from 
the growing population. In view of this chronic foodgrain shortage, 
the Government of Bangladesh has, since the late sixties, been trying 
to increase the domestic production of foodgrains by introducing High 
Yielding Varieties (HYV) of rice. The First Five Year Plan (1973-78) of 
Bangladesh spelled out that by the terminal year, 1978, the country 
would be made self-sufficient in foodgrain production with the help of 
HYV rice. However, the rate of adoption of HYV rice has been much 
slower than anticipated due to resource and socio-economic constraints.
A review of the planned targets from the First Five-Year Plan 
reveals that by 1976-77, the actual production reached 84 percent of the 
target of that year. Furthermore rice production had not increased 
beyond that of the three years earlier. Consequently there were huge 
shortfalls varying from 1.5 to 2.9 million tons of foodgrains. These 
shortfalls were met by imports, about 90 percent of which were wheat. 
Thus although wheat comprises 1-2 percent of the total domestic pro­
duction of grain,it comprises 15-20 percent of the total foodgrain 
consumption in Bangladesh. From the point of view of the balance of 
payments situation, therefore, it appears that although a minor crop, 
in many ways wheat may be a crop of crucial importance in the Bangladesh 
economy.
This study therefore begins an investigation of the production 
potential of HYVs of wheat. HYVs of rice are not equally suitable in
all areas and seasons in Bangladesh. In the northwest of Bangladesh 
the scarcity of water, low rainfall and the availability of fertile 
land in winter may make the cultivation of HYV wheat a more worth­
while development strategy.
The main part of this study investigates the economics of growing 
Local Varieties (LV) and HYVs of wheat in an area of Rajshahi in the north­
west of Bangladesh. A resource productivity analysis was accomplished.
A Cobb-Douglas production function was fitted under a Multiple 
Regression Model to find out the productivity of individual resource 
inputs. It was assumed that the same production function is applicable 
for all the different sets of farms growing wheat.
The production function analysis of the LV and the HYV wheat 
farms revealed that the use of modern inputs e.g. fertilizer, increases 
the yield of wheat both in the local variety (LV) and in the high 
yielding variety (HYV) of wheat. Even in the case of LV wheat, the 
use of fertilizer substantially increases yield.
In the absence of rice data, the study could not make general­
izations on the relative potentiality of HYVs of rice and wheat. 
Nevertheless the most recent data on wheat production in Bangladesh 
and the findings of the present study suggest that there is considerable 
scope to ease the food situation in the country by introducing HYVs of 
wheat in northwest Bangladesh.
This single crop study was done on the basis of 1974-75 data.
To effectively place the findings in a planning context, a similar 
study is required which would compare the results of wheat of the 
present study against a similar set of results from farms growing other
crops.
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CHAPTER 1
INTRODUCTION
1.1 Objectives of This Study
This study is an attempt to investigate the production potential 
of HYVs of wheat in the northwest Bangladesh. Bangladesh is mainly a 
rice economy. Wheat consists of 1-2 percent of the total grain pro­
duction in Bangladesh. However, due to lack of foodgrain self-sufficiency, 
the country has to import foodgrains, ranging from 1.5 to 2.9 million tons 
per annum. These imports are predominantly wheat due to its lower price 
and ready availability on the international market. Although rice is the 
preferred consumption crop, there is some evidence of changed consumption 
patterns in Bangladesh. Consequently, from the point of view of consumption, 
wheat comprises 15-20 percent of total grain consumption.
Imports of foodgrains have caused a heavy drain on the foreign 
exchange earnings of Bangladesh. The Bangladesh government has responded 
to this situation by encouraging the introduction of HYVs of rice. Due 
to lack of inputs such as irrigation water and fertilizer, the HYVs of 
rice have attained limited success. Since the water and fertilizer 
requirement of HYVs of wheat is lower than that of HYVs of rice, the 
cultivation of HYVs of wheat may be a worthwhile development strategy 
in the northwest of Bangladesh in winter.
With this background the present study has been taken up with the 
following objectives:
(a) to describe the consumption requirements and 
foodgrains production in Bangladesh (Chapter 1);
(b) to provide information and evaluate the impact of 
the introduction of the HYVs of rice in Bangladesh 
(Chapter 2);
(c) to investigate the production potential of HYVs
2of wheat in the northwest of Bangladesh 
(Chapters 3 to 6).
1.2 General Features of the Bangladesh Economy
In Bangladesh 77 percent of the civilian labour force are engaged 
in agriculture and approximately 90 percent of the total population live in 
the rural areas. Bangladesh has a total land area of 35.5 million acres, 
of which the cultivable area is 22.5 million acres. Agricultural output 
in recent years has accounted for about 55 to 58 percent of the GDP at 
1972-73 prices (Table 1.1). Approximately 40 percent of the GDP is derived 
from the major crops - rice, jute, sugarcane and lentils - and 28 percent 
from rice alone (GOPRB 1973b/P-85).
Although land is scarce, the cropping intensity is not high. 
Approximately 35 percent of the area is cropped more than once. There is 
limited scope for increasing the cropping rate. In much of the lowlands 
excessive rain during the monsoon period prevents a second crop. In the 
highlands the problem is reversed, namely scarcity of water in the winter.
In the lowlands where double cropping takes place rice is usually grown 
in the winter and jute in the summer; in the highlands, rice or jute is 
grown in the summer and vegetables, lentils or sugarcane in the winter.
In the highlands there is some scope for third cropping if the water supply 
can be assured (Khan 1972).
Rice plays a dominant part in Bangladesh agriculture. It accounts 
for about 80 percent of the crop acreage (Table 1.2). Since 1970 the 
proportion has been slowly increasing with the increased demand for food 
resulting from an increased population.
Rice is the principal component of an average consumer's budget. 
Foodgrain availability is the principal short run determinant of the general 
price level in the country.
3TABLE 1.1
GROSS DOMESTIC PRODUCT AND ITS 
COMPONENTS IN BANGLADESH 
(MILLION TAKA AT 1972-73 PRICES)
GDP Estimated Projected
1969-70 Actual GDP GDP
1972-73 1977-78
1. Agriculture, Livestock 28830 24070 36020
Forestry and Fishery (57.6) (56.1) (55.1)
2. Manufacturing 5200 3580 7310
(10.4) (8.3) (11.20)
3. Construction 1840 1710 3260
(3.7) (4.0) (5.0)
4. Power and Gas 150 150 250
(0.3) (0.3) (0.4)
5. Housing 2360 2360 2880
(4.7) (5.5) (4.4)
6. Trade, Transport and 11650 11070 15700
Other Services (23.3) (25.8) (24.0)
Total 50030 42940 65420
(100.0) (100.0) (100.0)
* Figures in the parentheses are percentages of the total. 
** $US 1 = 16.00 Taka.
Source: GOPRB 1973b, p 15.
4TABLE 1.2
CROPPING PATTERN OF BANGLADESH
Crops 1946/47
to
1949/50
Area
(m.acres)
%
1955/56
to
1959/60
Area
(m.acres)
%
1965/66
to
1969/70
Area
(m.acres)
%
1973/74
Area
(m.acres)
%
Rice 19.30 75.3 20.10 77.6 23.90 77.6 24.40 80.4
Jute 1.80 7.0 1.50 5.8 2.30 7.5 2.20 7.2
Wheat 0.09 0.4 0.10 0.4 0.20 0.7 0.30 1.1
Potatoes n.a. n.a. 0.08 0.3 0.20 0.7 0.20 0.7
Sugarcane 0.20 0.8 0.30 1.2 0.40 1.4 0.40 1.2
Tea 0.07 0.3 0.08 0.3 0.10 0.3 0.10 0.4
Tobacco 0.10 0.4 0.10 0.4 0.10 0.3 0.10 0.4
Oilseeds 0.70 2.7 0.80 3.1 0.80 2.6 0.60 2.2
Others 3.50 13.0 3.10 10.8 3.10 9.1 2.00 6.4
Total 25.60 100.0 25.90 100.0 30.80 100.0 30.30 100.0
Note: 1. Percent figures are rounded; they may not exactly
add up to 100.
2. Fluctuations in the price of rice essentially 
dictate the overall consumption pattern of the 
consumer. Rice production therefore has 
considerable welfare implications and is 
regarded by the government as the key to the 
future economic development of Bangladesh 
(GOPRB: FFYP, 1973,p.83).
Source: Government of Bangladesh, Bureau of Agricultural
Statistics: Unpublished data.
Wheat is the second cereal crop in Bangladesh. It was considered
an inferior foodgrain and the proportion of acreage devoted to its 
production until recently was less than 1 percent. With the rise in 
population, the rate of growth of wheat production has been high. Between 
1967-68 and 1970-71 for example wheat production doubled. By 1977-78 
production is planned to increase six-fold. The north-west districts are 
considered to be more suitable for wheat cultivation in Bangladesh (Ahmed 
1968,p.160). HYVs of wheat are increasing in acreage.
Most of the farmers are subsistence farmers. An average land­
owning farmer has 1.5 acres, rents another acre from a well-to-do farmer 
and therefore cultivates 2.5 acres. The per capita land availability is 
very low. For every person depending on land as a source of income, the 
available cultivable acreage averages 0.4 of an acre. Each farm is rarely 
in a single compact unit (Table 1.3). It is usually scattered in small 
plots in distant places surrounding the farmer's village causing significant 
labour wastage in the time spent moving from one place to another. The 
very extensive sub-division and fragmentation of holdings is the result of 
hereditary laws in an economy where population has increased without any 
corresponding increase in the supply of cultivated land.
Another important feature is that although the average size of 
holding is small, its distribution is highly skewed. Data on the size 
distribution of landholding in Bangladesh are available from the Agriculture 
Census (a) and Master Survey (b), and also from a number of surveys carried 
out by the Bangladesh Institute of Development Studies (BIDS). Percentage 
distribution of farms and farm areas are shown in Table 1.4. The data for 
1974 are taken from a survey of eight villages throughout Bangladesh carried 
out by BIDS during October - November 1974.
TABLE 1.3
SUBDIVISION AND FRAGMENTATION OF 
LAND HOLDINGS IN BANGLADESH IN 1965
Category No. of Farms 
(Million)
Percentage of
Farms
All Farms 6.14 100
Farms not Fragmented 0.62 10
Farms with 2 or 3 
Fragments 1.29 21
Farms with 4 or 5 
Fragments 1.39 23
Farms with 10 or
More Fragments 1.76 29
Source: RaSchid 1965,p. 122.
TABLE 1.4
BANGLADESH : PERCENTAGE OF FARMS
AND FARM AREAS (OPERATIONAL)
FARMS (%) AREA (%)
1960 1968 1974 1960 1968 1974
(a) (b) (c) (a) (b) (c)
Less than 0.5 13 12 32 1 1 2
0.5 - 1.0 11 13 9 2 3 3
1.0 - 2.5 27 32 25 13 17 19
2.5 - 5.0 26 26 22 26 30 34oin - 7.5 12 9 7 19 18 19
7.5 - 12.5 7 5 3 19 15 13
.2.5 and above 4 3 1 20 16 11
Source: Alamgir 1975,p.268.
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8It is clear from Table 1.4 that the majority of farms belong 
to the less than 2.5 acre groups with their share of the total acreage 
varying between 16% and 24%. In 1972, the government placed a ceiling 
of 33 acres of land ownership for each farmer but only 0.5 percent of the 
farms are larger than 25 acres. More importantly, a quarter of the 
farms in Bangladesh are less than 1 acre and their share of total farm 
area is less than 6%. An important feature is that about 20% of those 
who work on the land are landless labourers (GOPRB 1973b, p 83).
1.3 Food Production and Requirements
1.3.1 The Period 1960/61 to 1976/77 - An Overview
The first Five Year Plan of Bangladesh (1973/74 to 1977/78) has
been based on total food requirements of 15.5 ounces of foodgrain per capita 
per day. According to US AID and UN estimates this level of food 
availability was achieved or almost achieved during most years of the 1960s 
(Table 1.5). These levels were not generally reached during the 1950s and 
in two particular years, 1955/56 and 1958/59, foodgrain availability fell 
below 12.5 ounces per day (Figure 1.1).
TABLE 1.5
PER CAPITA AVAILABILITY OF FOODGRAIN IN BANGLADESH (OUNCES)
Final Year BIDS
(1)
US AID 
(2)
UN
(3)
1960/61 13.6 16.4 16.0
1961/62 13.3 15.3 15.6
1962/63 12.7 14.4 15.2
1963/64 15.6 16.6 16.2
1964/65 14.1 15.1 15.7
1965/66 13.7 15.4 15.6
1966/67 13.2 13.8 14.2
1967/68 14.2 15.4 15.3
1968/69 13.8 15.3 15.6
1969/70 14.3 16.2 16.4
Decade Weighted 
Average 13.9 15.4 15.6
Source: Chen and Chowdhury 1975.
There is evidence that during the seventies food availability in 
Bangladesh has not been as satisfactory as the sixties but the worst years 
1971/72 and 1976/77 were not as bad as 1955/56 and 1958/59. In a situation 
where food availability is so low a very serious question is raised - how 
has this deterioration come about?
The answer at the most general level is clear. Net food 
production in Bangladesh has failed to keep pace with the growing food 
requirements of a rapidly increasing population. It is clear from Figure
1.2 that the gap between food production and requirements has widened 
considerably. For the year 1972/73 it reached 22.8 percent.
To avoid mass starvation the growing gap between food production
2and requirements has been met increasingly by food imports (Table 1.6). 
During the fifties and early sixties, for the years where the data are 
available, imports of food typically were less than 10 percent of domestic 
production. During the seventies food imports have varied between 16 and 
29 percent of domestic production. The increasing proportion of food 
imports is evident in Figure 1.2.
1 In order to arrive at an estimate of net production, or net availability 
of foodgrains for domestic consumption, an amount must be deducted from 
gross production as an allowance for wastage and seeds. This amount 
under the Five Year Plans is 10 percent. This estimate is low if compared 
to the experience of similarly situated rice producing countries in the 
region.
2 of course annual data cannot be used to tell the whole story. During 
1974/75 when the gap between food requirements and annual supply of 
foodgrain, from imports and domestic production, was not as great as 
during the 50 s, the failure of imports to arrive in time to meet the 
requirements of consumption in lean months resulted in famine and 
death from starvation. Thus an adequate per capita availability 
figure on an annual basis does not necessarily ensure an adequate 
food supply throughout the year.
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TABLE 1.6
11
PRODUCTION, OFF-TAKE AND PER CAPITA AVAILABILITY OF FOODGRAINS IN BANGLADESH
Year Gross
Production 
(m.tons)
Net
Production 
(m.tons)
Requirements 
(m.tons)
Internal
Procurement 
(m.tons)
Off-takes 
(m.tons)
*
Net
Availability 
(m.tons)
Population
(million)
Per capita 
per Day 
Availability 
(ounces)
1950/51 7.40 6.66 6.83 0.065 0.190 6.780 43.29 15.37
1951/52 7.05 6.34 7.00 0.019 0.250 6.570 44.36 14.54
1952/53 7.36 6.62 7.17 0.015 0.240 6.850 45.45 14.80
1953/54 8.27 7.44 7.35 0.026 0.110 7.520 46.57 15.85
1954/55 7.62 6.86 7.53 0.125 0.080 6.820 47.72 14.03
1955/56 6.47 5.82 7.72 - 0.050 5.870 48.90 11.78
1956/57 8.29 7.46 7.90 - 0.123 7.580 50.10 14.86
1957/58 7.71 6.94 8.10 0.033 0.097 7.00 51.34 13.39
1958/59 7.02 6.32 8.30 0.033 0.167 6.450 52.60 12.04
1959/60 8.62 7.75 8.51 0.197 0.191 7.740 53.90 14.10
1960/61 9.66 8.69 8.72 0.024 0.201 8.870 55.22 15.77
1961/62 9.60 8.64 8.94 0.026 0.255 8.870 56.61 15.38
1962/63 8.91 8.02 9.16 0.010 0.710 8.720 58.03 14.75
1963/64 10.60 9.54 9.39 0.004 0.444 9.980 59.50 16.46
1964/65 10.47 9.42 9.62 0.013 0.533 9.940 61.00 16.00
1965/66 10.47 9.42 9.87 0.093 0.592 9.920 62.54 15.57
1966/67 9.60 8.64 10.12 0.008 0.630 9.260 64.12 14.18
1967/68 11.05 9.94 10.37 0.022 0.453 10.370 65.73 15.49
1968/69 11.25 10.12 10.64 0.009 0.826 10.94 67.40 15.94
1969/70 11.92 10.73 10.90 0.009 0.952 11.67 69.09 16.58
1971/72 9.88 8.89 11.43 0.010 1.73 10.62 72.40 14.40
1972/73 10.02 9.01 11.68 0.005 2.62 11.62 74.00 15.41
1973/74 11.83 10.64 12.03 0.070 1.73 12.30 76.20 •15.84
1974/75 11.22 10.09 12.34 0.130 1.70 11.66 78.20 14.64
1975/76 12.78 11.50 12.69 0.350 1.67 12.82 80.40 15.65
1976/77 11.82 10.64 13.05 0.320 1.45 11.77 82.70 13.97
Notes: 1 Ton = 2240 pounds
Accurate data for 1970/71 are not available.
Net Availability = Net Production - Procurement + Off-take.
* off-take in a given year may not necessarily equal imports 
in a year does not necessarily mean a higher level of net
of that year. Thus a high level of imports 
availability for that year and vice versa.
Sources: Gross and net production figures:
1950/51 to 1969/70: GOPRB 1973a;
1971/72 to 1976/77: GOPRB 1978,
Procurement, off-take and net availability figures:
1950/51 to 1969/70: Alamgir and Berlage 1973; 
1971/72 to 1976/77: GOPRB 1978.
Population, p^a^on figures from 1950-60 were made available from Planning Commission records. The figures 
after that period were computed at the geometric growth rate of 2.52 percent suggested by the 
Population Census Commission 1974.
Requirements were computed at the official rate of 15.5 ounces per capita per day.
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During years of reduced domestic production and increased 
imports to off-set this reduction, the increased imports were not 
always sufficient to meet the food requirement target. Despite 
increased imports, net food availability generally fell below total 
requirements when net domestic production fell (Table 1.6 ).
Recently most food imports have been wheat. The contrast with 
domestic production is marked. Domestic production of wheat is usually 
less than 1 or 2 percent of rice production, measured in tons, but the 
import of wheat in 1973/74 accounted for 90 percent of food grain imports 
(Table 1.8 ) .
TABLE 1.7
TREND OF FOREIGN TRADE AND 
FOREIGN TRADE BREAK-DOWN IN BANGLADESH
A. Trend of Foreign Trade: 
($mn)
1969/70 1973/74 1974/75 1975/76 1976/77
Exports 510 372 383 381 413
Imports 640 915 1276 1363 960
Balance -130 -543 -893 -982 -547
B. Foreign Trade 
(percent)
Break-down by Category:
1971/72 1972/73 1973/74 1974/75 1975/76 1976/77
Food 25.0 28.9 27.0 34.9 26.4 18.5
Project Aid 31.8 35.1 39.5 31.8 35.4 36.9
Non-Project Aid 43.2 36.0 33.5 32.2 38.2 36.0
Cash Grants - - - - - 8.6
100.0 100.0 100.0 100.0 100.0 100.0
Source: QER 1978, First Quarter, 1978,p.24.
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Just as there has been a strong trend towards increased food 
imports there has been a trend towards an increased proportion of these 
imports being satisfied by wheat. During the late fifties and early 
sixties wheat as a proportion of foodgrain imports accounted for between 
9 and 30 percent. During the seventies the proportion reached 90 percent 
(Table 1.8).
There are a number of reasons why wheat rather than rice is the 
predominant food import. First, wheat is much cheaper than rice on 
international markets. Second, the increased integration of Bangladesh 
with the developed economies seems to be associated with a rising demand 
for wheat.
The increased food imports have been a heavy drain on foreign 
exchange (Table 1.7). It appears from Table 1.7 that there is always a 
deficit in the balance of payments situation. It also appears (Table 1.7 - B) 
that food imports consumed 25 to 35 percent of the total foreign assistance 
to Bangladesh during the period 1971/72 to 1975/76. Only in the year 
1976/77 was the figure relatively low - 18.5 percent of the total 
foreign aid.
Although wheat production is small, 1-2 percent of that of rice, 
its impact on the balance of payments means that in many ways it is a crop 
of crucial importance. It is of some interest to compare the value of 
wheat imports to that of domestic production (Table 1.9). Over the period 
1955/56 to 1974/75 imports of wheat have gradually increased from 2.31 times 
of local production to approximately twenty times the level of local
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TABLE 1.8
IMPORT OF FOODGRAIN IN BANGLADESH
(in million tons)
Year Wheat
Import
(1)
Rice
Import
(2)
Total
Import
(3)
Wheat as
% of
Total
Imports
(1) / (3)
Domestic 
Production 
of Foodgrain 
(Gross)
(in m.tons)
(4)
Imports 
of Foodgrain 
as Percent 
of Domestic 
Production 
(3) /(4)
1955/56 0.051 0.533 0.584 8.70 6.47 9.02
1956/57 0.075 0.432 0.507 14.80 8.29 6.11
1957/58 0.136 0.464 0.600 22.70 7.71 7.78
1958/59 0.161 0.473 0.634 25.40 7.02 9.03
1959/60 0.176 0.402 0.578 30.40 8.62 6.70
1960/61 0.187 0.357 0.544 34.40 9.66 5.63
1961/62 0.512 0.270 0.782 65.50 9.60 8.15
1962/63 0.919 0.565 1.484 61.90 8.91 16.65
1963/64 0.219 0.233 0.452 48.50 10.60 4.26
1964/65 0.892 0.191 0.981 90.90 10.47 9.36
1965/66 0.417 0.415 0.832 50.12 10.47 7.94
1966/67 0.789 0.361 1.150 68.60 9.60 11.98
1967/68 0.820 0.152 0.972 84.36 11.05 8.79
1968/69 0.958 0.311 1.269 75.50 11.25 11.28
1969/70 0.878 0.382 1.280 68.60 11.92 10.74 a)
1971/72 2.20 0.70 2.90 76.00 9.88 29.35 b)
1972/73 2.20 0.50 2.70 81.00 10.02 26.94
1973/74 1.73 0.17 1.90 91.00 11.83 16.06
1974/75 1.90 n .a. 1.90 n .a. 11.22 16.93
Sources: a) Figures from 1956 - 1970: Government of Bangladesh,
Statistical Digest of Bangladesh, 1972.
b) Figures of 1971 to 1974/75 are from:
1. FAO 1975b
2. FAO 1975a
3. Islam 1977, pp. 132-139.
4. Alamgir 1975 Chen and Chovirihury 1975.
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production, Although the import of wheat is largely a reflection of the 
failure to increase rice production - wheat imports meet the shortfall of 
grain production which is rice - it is natural to raise the question as 
to whether sufficient attention has been directed towards wheat production 
in Bangladesh.
In 1974/75, the food problem of Bangladesh reached critical 
proportions. As a result of successive disasters (the cyclone of
November 1970, the Civil War of 1971, Monsoon failure in 1972, and flooding 
in 1974) Bangladesh has, and continues to be, threatened with a major 
nutritional crisis.
1.3.2 The First Plans: 1973/74 to 1977/78
Over recent years, the government has placed a high priority on 
attaining self-sufficiency in foodgrain production. An examination of the 
planned targets from the first Five Year Plan (Table 1.10) reveals that the 
dependence on food imports (Columns 6 and 7, Table 1.10) was planned to be 
reduced gradually and in the final year of the First Plan, 1977/78, there 
would be no demand for food imports. The strategy of the plan was to 
put emphasis on attaining food self-sufficiency by introducing High 
Yielding Varieties of rice and third cropping.
A review of the early years of the First Five Year Plan indicates 
that the targets were not realised, hence the large wheat imports. There 
was always a gap between the availability and the target of food production.
There were fluctuations in the annual production which necessitated 
that the plan be revised. The revisions in most cases were downwards.
The plans were always ambitious and the actual achievements lagged behind 
planned targets (Table 1.10).
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TABLE 1.9
RATIO OF IMPORTED WHEAT TO DOMESTIC 
PRODUCTION OF WHEAT IN BANGLADESH
Year
(1)
Imports
(thousand tons) 
(2)
Domestic 
Production 
(thousand tons)
(3)
Imports/ 
Domestic 
Production 
(2) / (3)
1955/56 51 22 2.31
1956/57 75 23 3.26
1957/58 136 22 6.18
1958/59 161 25 6.44
1959/60 176 29- 6.06
1960/61 187 32 5.84
1961/62 512 39 13.12
1962/63 919 44 20.88
1963/64 219 34 6.44
1964/65 892 34 26.23
1965/66 417 35 11.91
1966/67 789 58 13.60
1967/68 820 58 14.14
1968/69 958 92 10.41
1969/70 878 103 8.52
1971/72 2200 113 19.46
1972/73 2200 90 24.44
1973/74 1730 109 15.87
1974/75 1900 115 16.52
Sources: 1. Figures 1956-70: GOPBR 1973a.
2. Figures 1972-75: FAO Reports.
3. Domestic Production 1972-75: from the Ministry 
of Planning Data; 1955/56 to 1969/70, GOPBR 
1973a.
TABLE 1.10
PRODUCTION TARGETS AND ACTUAL PRODUCTION OF FOODGRAINS IN BANGLADESH
Year Population
(Million)
(1)
Gross Production (m.tons) Net Imports 
(m.tons)
Food
Requirements 
(m.tons)
(8)
Food
Grain
Available
(Planned)
(9)
Originally
Planned
(2)
Planned
(Revised)
(3)
Actual
(4)
Domestic 
Production 
(m.tons)
(5)
Actual
(6)
Pla­
nned
(7)
1970/71 70.80 n. a. n.a. 10.16 9.14 n.a. n.a. n.a. n.a.
1971/72 72.40 n.a. n.a. 9.88 8.89 2.9 n.a. 11.43 n.a.
1972/73 74.00 n. a. 12.00 10.02 9.01 2.7 n.a. 11.68 n.a.
1973/74 76.20 12.05 12.60 11.83 10.64 1.9 1.50 12.04 10.84
1974/75 78.50 13.22 13.00 11.22 10.09 1.9 0.49 12.34 11.90
1975/76 80.90 13.79 12.75 12.78 11.50 1.50 0.34 12.75 12.41
1976/77 83.10 14.41 14.11 11.82 10.64 0.81 0.14 13.11 12.97
1977/78 85.40 15.44 n.a. n.a. n.a. n.a. Nil 13.90 13.90
Source: QOPBR 1973b
Note: Imports in 1975/76 and 1976/77 are taken from the Bangladesh Times, May 27, 1978
- a PID handout.
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The dependence of Bangladesh agriculture on the vagaries of 
nature is one of the most important reasons why output fluctuates from 
year to year. Only 16 percent of the total crop acreage is under 
irrigation. Consequently agriculture is a "gamble on the monsoon" and 
the spring thaw in the Himalayas. If- the weather is favourable there is 
the liklihood of a good harvest - otherwise not.
Food production suffered a serious setback during the War of 
Liberation, 1971. In 1970/71 the gross output of foodgrains was 10.16 
million tons and the net available food was about 9 million tons (Table 1.11). 
In 1971/72 gross output of foodgrains fell further. The target of
foodgrain production in 1972/73, based on the availability of fertilizers, 
pesticides and high-yielding variety seeds and the assumption of normal 
weather, was optimistic. It was expected to reach the level of 1969/70 
(12 million tons of gross output). But drought and to a lesser extent the 
slow implementation of the development programme, especially of the 
procurement and distribution of seeds and fertilizers, contributed to a 
decline in output. As a result actual output of rice (10 million tons) was 
17 percent below the projected level. Imports consequently amounted to
2.7 million tons which was far in excess of what would have been the case 
if the programming of imports was based on the gap between projected output 
and the estimated consumption requirement (Islam 1977,p.133).
For 1973/74 estimated foodgrain production was 12.6 million tons 
and import requirements 1.5 million tons. By the end of the calendar 
year 1973, the forecast for output was revised downwards to 11.8 million 
tons to yield a net available foodgrain of 10.64 million tons (Table 1.10).
The year 1974/75 started with the most optimistic forecast that 
gross foodgrain output would exceed 13 million tons and the net food
available would be 11.90 million tons, requiring the import of an 
additional amount of 0.49 million tons. But far from achieving this 
target, the country experienced the worst food crisis in recent history, 
resulting in mass starvation and death. The gross food output was 11.22 
million tons. The damage to crops was brought about by the worst floods 
of recent times.
In 1975/76 food requirements were estimated to be 12.75 million 
tons and the gross foodgrain output, 12.78 million tons. 1975/76 was the 
first year since independence in which growing and harvesting conditions 
were excellent and with improved fertilizer usage and transportation 
facilities, a record high yield was achieved. Although the import figure 
of 1.5 million tons was low relative to that of previous years, it was much 
higher than the targeted import figure in the plan, i.e., 0.34 million 
tons only.
In 1976/77, according to the plan, food requirements would be 
13.11 million tons and the domestic gross production would be 14.11 million 
tons - requiring food imports of 0.14 million tons. The actual gross 
production was 11.82 million tons, resulting in a restricted growth of 
GDP to 3 percent. There was a decline in foodgrain output of about 
7 percent from the previous year to 11.82 million tons.
In the current year 1977/78, the government forecast a 13 percent 
rise in rice production, a level which appears to be within reach given 
satisfactory Monsoon rains. An increase of this magnitude, however, 
will not be sufficient for Bangladesh to achieve self-sufficiency.
The First Five Year Plan was optimistic and its targets were not 
realized. Bangladesh is trying to obtain food commitments of 1.5 
million tons of foodgrain from twelve donor countries in 1978.
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In response to widespread failure to meet the targets of the 
First Five Year Plan the government has decided to implement a two-year 
"Approach Plan" (1978/79 to 1979/80). This plan is to cover an interim 
period before the Five Year Planning process begins again in 1980/81. 
During this period food output is scheduled to rise by 4 percent annually 
with rice production reaching 14.2 million tons in the last year of the 
plan. The ultimate goal of foodgrain self-sufficiency has been scheduled 
for 1985/86, by which time (it is claimed) output could be 8 million tons 
higher than it is at present (QER 1978,p.13).
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CHAPTER 2
FEATURES OF THE BANGLADESH RICE ECONOMY
The geography of Bangladesh is particularly suited for the 
production of rice. Bangladesh is a vast alluvial plain with 
marginal hilly areas in the north and southeast. The average 
elevation of this alluvial plain is about 30 feet above sea level.
The plains are watered by one of the most remarkable networks of 
rivers in the world. The rivers and the streams are the most con­
spicuous feature of the landscape. Every year these rivers and 
streams overreach their banks in the monsoon and deposit silt on the 
surrounding areas. In the process a typical alluvial plain has been 
created with natural levees along the banks of the rivers, streams 
and swamps which make ideal conditions for rice cultivation. The 
southern part of the country is deltaic and all the rivers in the 
deltaic region are continuously experiencing shifts in their main 
channels and this makes control of water systems very difficult 
(Ahmed 1968).
According to the estimates of the First Five-Year Plan, rice 
contributed 28 percent of the GDP in the early seventies. Out of 
the total average consumption of 2073 calories per capita per day,
1662 calories come from grains (i.e. mostly rice).
Rice is the preferred food of Bangladesh and the level of per 
capita income does not suggest that people can switch over to costlier 
foods such as meat and vegetables in larger quantities as substitutes 
for cereals. Consequently the production of rice will continue to 
dominate the food requirements of Bangladesh for a number of decades
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to come. As a result of periodic shortages and rationing of rice, 
the staple food, almost all farmers attempt to meet their needs by 
their own production. Consequently most rice trade comprises the 
marginal production over the needs of individual farmers.
Bangladesh rice production technology has been dominated by 
rice varieties with a limited capacity to utilise fertilizer 
effectively. Traditional varieties of rice in Bangladesh are 
relatively tall with weak-stemmed stalks and farmers use a limited 
quantity of fertilizer. If additional units of fertilizer are applied, 
heavier heads cause the plants to fall down or dislodge, thus limiting 
the potential increase in yield. These conditions have caused rice 
cultivation technology to remain largely unchanged for centuries. In 
addition the introduction of modern mechanical techniques are limited 
by the size of the farms and the scale of operations.
The per acre yield of rice in Bangladesh is very low (Table 2.2).
It is a third of that of Japan and 75 percent of the Asian average.
There is a large variation in the yield from one year to the next (Table 
2.3) but there does seem to be some evidence that the yield is increasing. 
The average yield from years 1973/74 to 1976/77 is considerably above 
that of 1969/70 to 1972/73.
2.1 Recent Efforts to Increase Rice Production and their Outcomes
In the light of the chronic foodgrain shortage and mounting 
population pressure, it seemed that it was impossible to rely on 
traditional rice varieties to significantly increase per capita 
foodgrain production. In terms of yield the unimproved native
varieties have only a limited response to fertilizers because of the 
problem of the stalk being unable to support the head. The high- 
yielding varieties have semi-dwarf characteristics and as fertilizer
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TABLE 2.1
FOOD BALANCE SHEET OF BANGLADESH, 1962 
(Calories per man/day)
Food Groups
Grains 1662
Pulses 56
Roots, tubers, starches 18
Oils and Fats 38
Fruits and Vegetables 94
Meat 13
Fish 37
Milk 35
Eggs 1
Sugar 119
TOTAL 2073
Source: Raschid 1965,p.368.
TABLE 2.2
RICE YIELDS IN ASIA
Country 1971 1972 1973
(kg/hectare)
Japan 5243 5848 6018
Republic of Korea 4631 4618 4794
China 3137 3088 3209
Indonesia 2270 2259 2373
Sri Lanka 2366 2054 1956
World 2296 2252 2390
Asia 2305 2253 2409
Bangladesh 1602 1572 1837
Source: FAO 1973b, pp 46-47
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is added, the response is in terms of grain yield not stalk growth 
(Dalrymple 1969,p.38). In a similar fashion HYV of rice respond
more to increased water than do local varieties. Consequently only 
small increases of output are possible by adding more water or 
fertilizer inputs to rice production without the adoption of HYV.
The systematic endeavour for rice self-sufficiency started 
around the late sixties in response to increased rice demand from a 
rapidly growing population. After the emergence of Bangladesh, 
comprehensive foodgrain self-sufficiency programmes were adopted and 
updated regularly during the period with the aim of achieving foodgrain 
self-sufficiency during the first plan period (1973-78).
The First Five-Year Plan (1973-78) spells out in specific terms 
that by the terminal year of the plan, i.e. 1977-78, the country would 
be self-sufficient in foodgrains. Increased production of foodgrains 
was to be achieved by increased yield rates and increased crop area by 
multiple cropping made possible by irrigation. Distribution of credit, 
inputs and technical information necessary for a successful foodgrain 
programme were planned to be specifically directed towards areas under 
irrigation and HYV.
The plans have not been successful. By 1976-77 the latest year 
for which data are available, the actual production of foodgrains reached 
84 percent of the target of that year. Furthermore rice production 
had not increased beyond that of three years earlier.
The actual and target rates of acreage and production under HYV 
rice for a number of years are given in Table 2.4. Despite failure to 
reach production targets for all foodgrains it is clear that there has 
been some success. As a proportion of total acreage the HYV of rice 
has increased from 6.7 percent in 1971-72 to 13 percent in 1976-77.
TABLE 2.3
ACREAGE, PRODUCTION AND YIELD
OF RICE IN BANGLADESH
.. Year Area Production Yield
(m. acres) (m. tons) (kg/acre)
1969/70 25. 47 11.78 462.50
1970/71 24. 29 10.94 450.39
1971/72 22. 97 9.77 425.33
1972/73 23. 80 9.93 417.22
1973/74 24. 41 11.72 480.13
1974/75 24. 09 11.10 460.77
1975/76 25. 52 12.56 492.16
1976/77 24. 46 11.57 473.01
Source: GOPRB 1978,pp.146-47.
TABLE 2.4
ACREAGE AND PRODUCTION UNDER
HYV RICE 1971-72 TO ]1976-77 IN BANGLADESH
Total HYV HYV Total HYV HYV HYV
Acreage Year . .(m.acres)
Rice
Acreage
as % of 
Total
Production Rice 
(m.tons) Produ-
Production Yield 
as % of Per
(m.acres) Acreage ction Total Acre
(m.tons) Production (ton)
1971/72 22.97 1.54 6.7 9.77 1.79 18 1.16
1972/73 23.79 2.63 11.0 9.93 2.48 25 0.95
1973/74 n.a. n.a. 19.0 n.a. n.a. 31 n.a.
(planned)
1973/74 24.41 3.83 15.7 11.72 3.95 34 1.03
(actual)
1974/75 24.09 3.56 15.0 11.10 3.40 31 0.95
1975/76 25.53 3.84 15.0 12.56 3.70 29 0.96
1976/77 24.46 3.16 13.0 11.57 2.92 25 0.92
1977/78 n.a.
(planned)
n.a. 39.0 n.a. n.a. 60 n.a.
Source: GOPRB 1978
26
TABLE 2.5
PROPORTION OF TOTAL RICE AREA PLANTED 
TO HYV IN ASIAN COUNTRIES
Countries 1966/67 1967/68 1968/69 1969/70 1970/71 1971/72 1972/73 1976/77
India 2.5 4.9 7.3 11.5 14.9 19.6 23.5 n.a.
Bangladesh 0.002 0.7 1.6 2.6 4.7 6.7 11.1 *13.0
Nepal - - 3.7 3.8 5.7 6.3 16.1 n.a.
Pakistan 0.01 0.3 19.8 32.0 36.6 50.0 43.5 n.a.
Sri Lanka - - 1.2 4.9 4.8 5.0 34.0 n.a.
Burma - 0.1 3.5 3.1 4.0 3.9 4.4 n.a.
Indonesia - - 2.5 10.2 11.0 16.8 18.0 n.a.
Laos a 04 0.1 0.3 0.3 8.1 4.5 7.5 n.a.
Malaysia 15.4 23.1 20.9 26.5 31.4 37.0 39.0 n.a.
Philippines 2.7 21.2 40.6 43.5 50.3 56.3 54.0 n.a.
Thailand - - - 0.1 1.6 4.2 5.3 n.a.
South Vietnam - 0.2 1.7 8.3 20.0 25.7 30.9 n.a.
Rep. Korea 1.4 3.5 6.6 9.9 12.9 17.0 20.4 n.a.
* Last column compiled. 
Source: Dalrymple 1974.
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Furthermore, HYV have been very successful in contributing to extra 
production. In 1976-77, for example the 13 percent of acreage devoted 
to HYV of rice contributed 25 percent to total production. Without 
that additional production the food crises of Bangladesh would have 
been significantly worse.
However, despite the greater acreage devoted to HYV of rice, 
progress has been slow. The poor record of Bangladesh in adopting 
HYV is illustrated by Table 2.5. In 1972-73 the proportion of rice 
area devoted to HYV in Bangladesh exceeded only Burma, Laos and 
Thailand. Furthermore, the rate of increase of HYV acreage to 1976-77 
was not particularly spectacular.
The increase in acreage devoted to HYV of rice between 1972-73 
and 1976-77 was not sufficient to change the ranking of Bangladesh in 
Table 2.5 or to enable Bangladesh to pass the 1972-73 production levels 
(the latest data) of the other countries.
2.2 Different Varieties of HYV Rice
The three major rice crops to receive emphasis during the first
1 2plan were Aus, Aman and Boro (excluding broadcast Aman). Emphasis was 
not placed on broadcast Aman since it is a deep water paddy which is 
subject to sudden flooding.
1 The three crops Aus, Aman and Boro constitute about 81 percent of 
the total rice crop. In 1975-76, 8.4 m.acres were under Aus,
14.23 m.acres were under Aman and 2.87 m.acres were under Boro. In 
that year Boro had the highest yield per acre followed by Aman and 
Aus.
2 There are three agricultural seasons in Bangladesh. The seasons 
are mutually overlapping and named after the period when the crops 
are harvested. The three agricultural seasons are:
(i) Bhadoi season when the Aus variety rice is harvested.
(ii) Haimantik season when both varieties of Aman are harvested.
(iii) Rabi season when the Boro variety of rice is harvested.
There are four different rice varieties (Aus, Transplanted Aman, 
Boro Aman and Boro) with each rice variety adapted to particular 
seasonal and hydrological conditions.
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Increased production of foodgrain was to be achieved by 
increasing yield rates and increasing crop area by multiple cropping 
made possible by irrigation.
The increase in yield was to be achieved by introducing HYV 
in irrigated areas, selected rainfed areas, and in traditionally 
irrigated Boro areas. Supplementary irrigation was to be provided 
to protect areas under HYV of Aus and Aman if affected by drought.
The expansion of the HYV under rainfed conditions was planned to be 
at an accelerated rate in the initial years of the plans.
The detailed plan of the different rice varieties is given in 
Table 2.6. The large increases in production were to come from 
high-yielding rice under Aman and Boro grown under irrigation. The 
increase in production of these two crops between 1969 and 1977-78 
was to be approximately six-fold so that by 1977-78 they would supply 
40 percent of production. When rainfed HYV are added it was planned 
that HYV of rice would provide more than 50 percent of production from 
37 percent of acreage.
The degree of achievement of the plan can be seen from a 
comparison of Table 2.4 and 2.7. Broadly speaking, within the total 
acreage achieved, the allocation of different crops across the season 
broadly conformed with the plan except that the Aman acreage failed 
to increase to the degree planned and Aus acreage instead of reaching 
15 percent of total, achieved 28 percent.
2.3 Impact of New Rice Technology
The new rice technology over the past few years seems to be in 
the process of making a new adjustment to the different rice growing 
seasons (Table 2.7).
In 1969-70 HYV Boro acreage contributed 88.4 percent to total
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TABLE 2.6
CONTRIBUTION OF THE RICE VARIETIES 
PRODUCTION DURING THE FIRST PLAN 
PERIOD IN BANGLADESH 
(in million acres and million tons)
Benchmark
(1969)
First Year 
(1973/74)
Final
(1977
Year
-78)
Acreage Production Acreage Production Acreage Production
1.Irrigated HYVs
Aus 0.022 0.016 0.030 0.021 0.440 0.352
Aman • • • • • • 0.400 0.321 2.650 2.551
Boro 0.990 1.089 1.600 1.840 3.060 3.825
Sub-Total 1.012 1.105 2.030 2.182 6.150 6.728
2.Rainfed HYVs
Aus • • • • • • 0.300 0.135 1.100 0.550
Aman 1.250 0.625 2.100 1.170 2.200 1.320
Boro (with traditional 
irrigation) 0.342 0.225 0.348 0.233 0.570 0.405
Sub-Total 1.592 0.850 2.748 1.544 3.870 2.275
3.Local
Aus 7.979 2.872 7.555 2.644 5.120 1.690
Aman 8.305 3.968 7.200 3.384 5.890 2.533
Boro (with traditional 
irrigation) 1.100 0.550 0.752 0.368 0.500 0.230
Sub-Total 17.384 7.390 15.507 6.396 11.510 4.453
B. Aman 4.800 1.872 4.700 1.833 4.400 1.628
Wheat 0.300 0.090 0.300 0.100 0.600 0.360
TOTAL 25.088 11.307 25.285 12.055 26.530 15.444
Source: GOPBR 1973b, p93.
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HYV rice production but the acreage under HYV Boro went down to 39 
percent in the year 1976-77 (Table 2.7).
During the same period the contribution of HYV Aman to total 
HYV rice production rose from 5 percent to 33 percent. In percentage 
figures more acres are under HYV rice in the Boro season than during 
the Aman season. This indicates that although HYV rice was originally 
found suitable for the Boro season it is more adaptable to the Aman and 
Aus seasons with the breeding of new HYV rice varieties suited to the 
Aman and Aus seasons. There is a gradual increase in the acreage 
under HYV Boro and HYV Aman but the rate of increase was higher for 
HYV Aman than for HYV Boro during the period (Table 2.7).
The emphasis placed on Boro season production is particularly 
important. This season is the dry season in Bangladesh so that HYV 
of rice grown in the Boro season can only be produced with the help 
of irrigation water. Thus extension of acreage under HYV Boro will 
only be possible by extending the acreage under mechanical irrigation. 
Mechanised irrigation is capital intensive and very expensive.
2.4 Limitation of the Scope of the "Miracle Rice"
The total irrigated area in Bangladesh, under modern and 
traditional irrigation constitutes 16 percent of the total cultivated 
area. The area under traditional irrigation has been fully planted 
with crops. To expand HYV of rice production more areas are to be 
brought under mechanical irrigation. To bring more land under 
mechanical irrigation will mean heavy investments in terms of tubewells, 
power pumps, fertilizers etc.
Even if modern inputs are made available to the farmers, there 
will be very limited scope for third cropping due to flood and excessive
and untimely rainfall.
TABLE 2.7
ACREAGE AND PRODUCTION OF HYV RICE BY VARIETY
Year Percent of Acreage Total Percent of Production TotalProduction 
(m.tons)Aus Aman Boro
** Acres 
(million) Aus Aman Boro
1969/70 6.91 4.66 88.43 0.622 2.70 4.00 93.30 0.921
1970/71 7.00 17.60 75.40 1.137 7.20 14.40 78.40 1.475
1971/72 7.80 40.60 51.60 1.542 7.20 38.80 54.00 1.791
1972/73 6.20 52.40 41.40 2.631 6.70 39.40 53.90 2.487
1973/74 6.65 52.32 41.03 4.78 4.22 40.00 55.78 3.72
(planned)
1973/74 8.50 53.50 38.00 3.826 9.60 49.60 40.80 3.950
(actual)
1974/75 19.60 34.80 45.60 3.567 20.50 31.50 48.00 3.395
1975/76 22.70 35.80 41.50 3.835 23.20 32.70 44.10 3.699
1976/77 28.50 33.00 38.50 3.162 28.30 30.80 40.90 2.917
1977/78 15.37 48.40 36.33 10.02 9.99 42.87 52.86 9.028
(planned)
Source: GOPRB 1978
Thus there is an element of risk in growing HYV of rice.
During the period under review the adoption of HYV was low because 
farmers were afraid that natural calamities might wash away the fruits 
of their expenditure on modern inputs. Lack of controlled and regular 
water supply was another risk to the farmers. In addition the HYV of 
rice were liable to a greater incidence of pest and plant diseases.
The loss of crops due to pests and diseases had been variously estimated 
at between 10 percent and 25 percent in Bangladesh. Finally the 
administrative failures relating to the procurement and distribution of 
inputs in the right time, quality and quantity caused a low rate of 
adoption of modern inputs (Islam 1977,p.201).
Bangladesh is a country with very limited mineral resources.
It must import not only the capital goods but also most of the materials 
and many of the consumer goods that it needs. To import the essential 
materials for economic growth the country must move closer to self- 
sufficiency in foodgrains and in the meantime find space to cultivate 
jute, tea and other agricultural exports (Robinson 1974,p.650).
An examination of the import situation indicates that the import 
of those goods essential for economic development has not increased in 
real terms because an increasing proportion of foreign exchange has been 
diverted towards food imports.
TABLE 2.8
PERCENT OF REQUIREMENTS IMPORTED INTO 
BANGLADESH DURING MID-SEVENTIES
Commodity Import
Requirement
(Quantity)
Percent of
Total
Requirement
Imported
Edible Oil 100,000 tons 50%
Cotton Yarn 46 million bales (43 - 65)%
Cement n. a. (50 - 60)%
Crude Petroleum 6 million tons (60 - 80)%
Source: Islam 197 7.
.33
An indication of the dependence of Bangladesh on the import of 
such basic materials as crude petroleum and cement is given in Table 
2.8.
The poor and deteriorating balance of trade deficit is given 
in Table 1.7. This deficit is financed by access to foreign aid.
Due to lack of adequate foreign exchange Bangladesh receives 
food aid as a part of development aid. In the years of large foodgrain 
deficits this food aid consumes 25-34 percent of total development aid 
(Table 1.7). If the need to import foodgrains could be reduced, the 
resources spent on buying foodgrains could be used for development 
purposes.
One particular difficulty which arises from a shortage of 
foreign exchange is that Bangladesh cannot build up stocks of imported 
materials. The impact of fluctuations in foreign exchange resources 
is aggravated by uncertainty or lack of timely availability of supplies 
in the world market and during the period under review the scarcity of 
foreign exchange and overall scarcity of imports resulted in widespread 
underutilisation of industrial capacity. In view of this situation 
any measure saving foreign exchange is of crucial importance to the 
economic development of Bangladesh.
It should be noted that HYV rice is very environment-specific.
Its diffusion will be greatly influenced by how rapidly the research 
organisations in the country are capable of developing environment- 
specific varieties for different agro-climatic region. To date all 
HYV rice used in Bangladesh have been dwarf or semi-dwarf transplanted 
varieties susceptible to problems when used in deeply flooded areas or 
as dry crops.
The price of fuel, oil etc. also raises a problem. Fuel is
used for running low-lift pumps and various tube wells. Often due 
to non-availability of fuel during the critical period of the crop 
seasonz the crops suffer. It becomes more risky and costly when oil 
prices fluctuate frequently.
The production of HYV rice which needs intensive use of inputs 
at huge cost has socio-economic implications. The inputs are 
futilizers, insecticides, tube wells, irrigation water etc. The 
costs of these inputs are subsidised by the Government. The cost of 
subsidies on agricultural inputs constitutes a substantial drain on 
financial resources, particularly subsidies on fertilizers and irrigation 
water. As late as 1974-75 the annual subsidies on irrigation and 
fertilizers amounted to 1510 million Taka ($94 million) approximately 
to the Government. It was also noticed that the larger farmers reaped 
a large share of the benefits of subsidised inputs because the per acre 
use of fertilizer was 20% to 30% higher on larger farms. They have 
command over and access to resources also.
An international seminar was held on the socio-economic 
implications of introducing HYV rice in the Bangladesh Academy for Rural 
Development in 1975. While acknowledging the potentialities of 
"miracle rice", it expressed grave concern that it did not come up to 
the ejqpectations of the society. The reasons advanced for such 
concern was that it was accentuating rural income inequality in an 
impoverished rural economy. It was also pointed out that increased 
profit margins from HYV rice might lead to labour substituting technology 
in an economy where large numbers of landless peasants depend on rural 
employment.
Another problem which, although insignificant at the moment, may 
become a great one is the problem of nutrition. Double, even triple
cropping has become a part of the adopting process for HYV rice in 
Bangladesh. In many places double cropping of rice has been under­
taken by replacing production of the vegetables and pulses in 
Bangladesh and the consequences of such replacement should be viewed 
from the point of overall nutritional deficiencies. Wheat cultivation 
under assured water supply may create conditions for successful mixed 
cropping of wheat and pulses and may go some way to easing the country's 
food situation by exploiting the potentiality for production over a
wider area.
CHAPTER 3
THE POTENTIAL FOR WHEAT
High yielding rice varieties are not suitable for all seasons 
or all areas of Bangladesh. Furthermore as discussed in Chapter 1,
HYV of rice are very expensive in terms of irrigation requirements. 
Consequently not all the emphasis on production for future food 
requirements should necessarily be placed on the introduction of high 
yielding rice varieties. In the dry months there is a scarcity of 
irrigation water throughout most of Bangladesh although in the south­
eastern part of the country surface water may be available. An 
alternative crop such as wheat may be more suited to some areas.
The introduction of high yielding varieties (HYV) of wheat, 
however, is not likely to have a significant outcome in all parts of 
Bangladesh. Where rainfall is adequate rice is the preferred crop. 
However, in the northwest of Bangladesh the low rainfall, fertile soil, 
and availability of land suggest that the introduction of HYV of wheat 
may be a worthwhile development strategy.
In the northwestern part of the country, the soil is relatively 
dry, water is scarce during the winter months and irrigation is 
expensive. The annual rainfall in this area averages 50 inches per 
annum, 80 percent of which falls during April-August. If high yielding 
varieties of rice were to be grown, irrigation water would be needed 
during the dry winter months. To date, however, not more than 16 
percent of the cropped acreage of all Bangladesh is under irrigation. 
This scarcity of water is an effective limit to the widespread adoption 
of winter rice in the northwest.
According to the expert views of an FAO team, one acre of 
Boro rice - rice grown in the winter which competes with the wheat 
crop - requires 30 inches of water supply, whereas high yielding
varieties of wheat require only 15 inches of water (F.A.O. 1972). 
Consequently, where irrigation is very expensive and water is scarce, 
which is the situation in northwest Bangladesh, HYV of wheat may be 
a particularly attractive foodgrain. It is likely, therefore, that 
in the northwest of Bangladesh wheat could be produced at less cost 
than Boro rice or, to put the point differently, greater areas can be 
cropped with wheat using only the same water and inputs necessary to 
grow Boro.
Balance of payments considerations and shortages of food are 
important reasons why governments should attempt to stimulate food 
production. However, they are not the only ones. At the moment the 
government is incurring a heavy cost in the form of consumption 
subsidies to rice and wheat at a rate of 57 percent and 38 percent of 
the respective import prices. This subsidy has resulted in a huge 
drain on government funds. Although it could be argued that the best 
policy response would be to remove these subsidies and direct the 
resources to various development projects, the social conflict which 
would follow would place the government in a particularly difficult 
situation. The government has responded to these difficulties by 
placing a greater emphasis on wheat production and in the long term to 
reduce food prices by increased farm productivity rather than direct 
consumption subsidies.
The first Five-Year Plan (1973/74 - 1977/78) aimed to increase 
foodgrain production from the benchmark of 11.31 million tons (11.22 
million tons of rice and 0.09 million tons of wheat) to 15.44 million 
tons (15.08 million tons of rice and 0.36 million tons of wheat)
(Table 3.1). To achieve the production targets would require an 
increase of rice production of 34 percent and an increase in wheat
production of 300 percent.
TADLP. 3.1
TARGET OF PRODUCTION OF RICE AND WHEAT 
DURING THE PLAN PERIOD (1973/74 - 1977/78)
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Crop Acres
(million)
Target 
Acres 
(m.acres)
Benchmark
Production 
(m.tons)
Target Production 
in 1977/78 
(m.tons)
Increase of 
Production 
over Benchmark
%
Rice 24.70 25.90 11.22 15.08 34
Wheat 0.30 0.60 0.09 0.36 300
Source : GOPBR 1973b
The achievement of annual targets was discussed in Chapter 1 
where it was shown that the annual shortfall in foodgrain production 
from the target was large. Indeed Bangladesh has fallen so far behind 
that foodgrains will need to be imported for the next three or four 
years at least, and such imports will continue to be a large drain on 
the government budget.
In relative terms the plan involves a large increase in the 
acreage sown to wheat but in absolute terms the change will be 
negligible (.30 million acres to .60 million acres). The emphasis of 
the plan strategy was to put a larger acreage under HYV rice with 
controlled irrigation'. The inability of the economy to rapidly increase 
rice production suggests that perhaps more emphasis should be given to the 
production of substitute cereal crops, especially wheat, in the winter season. 
In the winter season there is less danger of natural calamities, and of 
course the water requirements of wheat are less than those for rice.
At the moment there are large areas of land lying fallow during the 
winter as lack of adequate water prevents alternative cropping. This 
is particularly so in the northwest where planting HYV of wheat could 
be encouraged.
3.1 The Recent History of Wheat Production
3.1.1 1968-69 to 1972-73
Table 3.2 indicates the relative importance of local and
TABLE 3.2
AREA, PRODUCTION AND PER ACRE YIELD OF WHEAT 
IN BANGLADESH (1968-69 TO 1972-73)
Year Area (1000 acres) Production (1000 tons) Average Yield/acre 
(lbs)
Mexican 
Wheat as % 
of Total 
Acreage
Mexican
Wheat Pro­
duction as 
% of Total 
Production
Local Mexican Total Local Mexican Total Local Mexican Total
1968/69 269 21 290 80 12 92 666 1280 710 7.24 13.04
1969/70 274 23 297 90 13 103 735 1266 777 7.74 12.62
1970/71 278 33 311 91 19 110 732 1289 793 10.61 17.27
1971/72 278 37 315 93 20 113 749 1211 804 11.75 17.61
1972/73 243 53 296 66 24 90 608 1014 681 16.82 26.66
Source: Directorate of Agriculture (E&M) 1972-73, Unpublished Data.
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Mexican varieties of wheat in terms of total acreage, average yield per 
acre and total production. Mexican wheat varieties are high yielding.
A review of the total production of wheat during the four years from 
1968-69 to 1971-72 shows that the total area cropped increased from 
290 thousand acres to 315 thousand acres (1971-72), an increase of 8 
percent. Then in 1972-73 there was a setback to 296 thousand acres.
The increase in production over the four year period, 1968-69 
to 1971-72 was from 92 thousand tons to 113 thousand tons an increase 
of 23 percent, but as with the total acreage there was a setback in 
1972-73. In 1972-73 crop acreage and production of wheat were 
comparatively lower owing to adverse weather conditions. Until 1972-73 
then the record of increased production of wheat is not particularly 
good, and not clearly superior to rice production. There has been, 
however, significant substitution from local to HYV.
Over the period 1968-69 to 1972-73 the acreage of HYV of wheat 
has increased by more than 100 percent but it remains true that the 
acreage under HYV of wheat is still relatively low. In 1968-69 the 
proportion of the acreage of wheat under HYV was 7 percent. Five 
years later it had increased to 17 percent. This rate of increase 
appears to be little faster than the rate of increase of the adoption 
of HYV of rice.
The average yield of Mexican wheat is much higher than that of 
the local variety being almost twice as great. In 1968-69, the 7 
percent of the total wheat acreage devoted to HYV of wheat produced 13 
percent of total wheat production. In 1972-73, the 17 percent of the 
acreage sown to HYV of wheat produced 27 percent of production.
Between 1968-69 and 1971-72 the total yield increased steadily 
as a result of the increased contribution of HYV of wheat and an 
increase in the yield of local varieties. In 1971-72 total yield 
increased by 13.20 percent and that of LV wheat increased by 12.46
percent. If the yield of both varieties had remained unchanged at 
the 1968-69 level, the rising proportion of HYV wheat would increase 
the total yield by 4.08 percent. In 1972-73 the yield of both 
varieties fell dramatically.
Until 1975, the per acre yield of wheat in Bangladesh was very 
low as the use of modern inputs was minimal. This is true of both 
the HYV and the local variety. The yield per acre of wheat in 
different countries is presented in Table 3.3. The numbers suggest 
that until 1975, the yield per acre in Bangladesh could, in principle, 
be increased by 200 to 600 percent. Obviously, given the low yield 
of HYV of wheat in Bangladesh relative to other countries the use of 
HYV wheat seed is not sufficient to obtain maximum yields. Recent 
sources in areas of India which are adjacent to northwest Bangladesh, 
show that wheat output can be increased considerably, without 
increasing the land area under cultivation, if HYV varieties are sown 
and the method of cultivation modernised (Table 3.7).
TABLE 3.3
PER ACRE YIELD OF WHEAT IN DIFFERENT COUNTRIES
(lbs/acre)
Country
■ 1974
Year
1975 1976
Afghanistan 1073 1059 1093
Bangladesh 788 797 1277
China, PR 1345 1215 1233
India 1042 1180 1253
Turkey 902 1067 1143
Burma 405 662 677
Pakistan 1110 1174 1256
Japan 2488 2388 2219
Korea, Republic 1778 1905 1785
Nepal 1014 1059 1067
Israel 2183 2071 1805
North and Central America 1592 1802 1868
New Zealand 3039 3033 3808
Netherlands 5097 4389 4834
Canada 1323 1600 1878Australia 1215 1246 1199
Source: FAO 1976,pp.92-3.
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3.1.2 The Most Recent Data : 1973-74 to 1977-78
The most recent data from Bangladesh presents a very different 
picture. It appears that since 1972-73 both acreage and production 
of wheat have increased considerably. The increased acreage put under 
wheat cultivation may be the outcome of the food shortage of 1974, and 
the government efforts to increase foodgrains production.
It is evident from Table 3.4 that during the period 1975-76 
to 1977-78 the total acreage under wheat has gone up as high as 42 
percent over the 1971-72 level. The production of wheat in 1977-78 
was 200 percent higher than the 1971-72 level. In 1973-74 the acreage 
under HYV wheat covered 24 percent of the total acreage and the 
production of HYV was 38 percent of the total wheat production. In 
1977-78 the share of HYV of wheat was 89 percent and 96 percent of the 
total acreage and production of wheat respectively in Bangladesh.
The average yield per acre of the LV of wheat during the period. 
1973-74 to 1977-78 was static. On the other hand the yield of HYV of 
wheat has increased over the period. In 1973-74 the average yield 
per acre of HYV of wheat was 1215 lbs. In 1977-78 the yield increased 
to 1882 lbs per acre, an increase of 55 percent.
While the acreage under wheat in 1977-78 increased by 47 
percent, production has increased by 222 percent. Since the yield of 
LV wheat has been relatively static during the period, the rate of 
increase of the per acre yield of wheat is entirely explained by the
higher productivity of HYV wheat.
A comparison of the total average yield of wheat in Bangladesh 
in 1976 (Table 3.3) reveals that the per acre yield of wheat in 
Bangladesh is lower only than that of Japan and Korea in Asia. The 
per acre yield of wheat in Bangladesh in 1976 is higher than that
TABLE 3.4
AREA, PRODUCTION AND PER ACRE YIELD OF WHEAT 
IN BANGLADESH (1973-74 TO 1977-78)
Year Area ('000 acres) Production (1000 tons) Average Yield/acre (lbs) HYV Acreage 
as % of
Total
Acreage
HYV
Production 
as % of
Total
Production
LV HYV Total LV HYV Total LV HYV Total
1973/74 233 72 305 68 41 109 654 1215 800 23.60 37.61
1974/75 236 82 318 68 47 115 645 1283 810 25.78 40.86
1975/76 153 218 371 45 170 215 658 1747 1298 58.76 79.06
1976/77 107 288 395 30 226 256 628 1757 1451 72.91 88.28
1977/78 50 400 450 15 336 351 672 1882 1747 88.88 95.72
Sources: 1. GOPRB 1978.
2. Clay 1978.
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of Afghanistan, the People's Republic of China, India, Turkey, Burma, 
Pakistan and Nepal. Although there is some difference between the 
Bangladesh and the FAO data, the difference is negligible. Thus in 
the Asian context, the yield of wheat in Bangladesh is quite 
encouraging.
A survey of the most recent data on wheat production in 
Bangladesh reveals that large increases in yield can only be achieved 
by the use of irrigation, modern farming techniques and a range of 
relevant inputs. A recent experiment in Bangladesh for example found 
that Mexican wheat (HYV) could average a yield as high as 60-70 maunds 
per acre (5000-7000 lbs) if all the associated inputs were successfully 
applied (Alim 1974). In 1972-73 the national average yield for HYV 
of wheat was 994 lbs per acre. In 1976-77 the yield was 1757 lbs 
per acre. The progress is considerable. Still it it far below the 
yield attained by experiment.
The record of wheat production in recent years indicates that 
with all the available land under HYV of wheat production, Bangladesh 
could go some way towards easing her food problem, as reflected in the 
balance of payments situation, but we stress again that farming 
techniques would also need to be improved.
3.2 The Northwest Region of Bangladesh
As indicated at the beginning of this chapter, Northwest 
Bangladesh has a number of features - low rainfall, fertile soil, land 
availability - which appear to make the introduction of HYV of wheat a 
worthwhile proposition. Our study is primarily of this area and the 
data used are drawn from farms in the northwest.
3.2.1 The Physical Features of the Region
The northwest region of Bangladesh is that part of the country
FIGURE 3.1
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which is situated between the Padma and Jamuna rivers. For the purpose 
of this study the districts of Rangpur, Dinajpur, Rajshahi, Bogra,
Pabna, Jessore, Kushtia and Faridpur are included in this region (Figure 3.1).
Temperature: Over most of Bangladesh the maximum
temperatures are attained in April. In summer the temperatures over 
the plain of Bangladesh rarely fall below 70°F, but in Northern 
Bangladesh, temperatures are lower. January is the coldest month 
in the short winter which lasts from the end of November to the middle 
of February. The lowest January minimums are reached in Northern 
Bangladesh. The lowest January minimums, in Dinajpur for example, 
are 49.6 F, and in Jessore 49.2°F. The January maximums in Northern
Bangladesh are as high as 75.4 F for Dinajpur and 75.4 F for Bogra.
Rainfall: High rainfall figures are a characteristic of
Bangladesh. In the western part of the northwest region (Rajshahi 
and Kushtia) the annual rainfall is 55 inches. In other parts of 
the country the annual rainfall is greater than 60 inches. The 
maximum rainfall is concentrated during the main monsoon period (June 
to September) and about one-fifth of the total annual precipitation 
occurs during the period March to May.
The northwest region of Bangladesh may be described by two 
climatic divisions:
(1) Continental (south Dinajpur, Rajshahi and
West Bogra and West Pabna, Kushtia, Jessore 
and Northwest Faridpur). Total rainfall is 
between 50-65 inches per annum. Maximum 
humidity in August is 88 percent. Mean 
minimum temperature (January) - Jessore 
49.2°F and Rajshahi 51.0°F. Mean maximum
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temperature (April) - Jessore 96.7°F,
Rajshahi 96.0°F.
(2) Continental modified (Rangpur and
Dinajpur). Total rainfall is 65-90 inches 
per annum. Mean minimum temperature - 
January, Rangpur 49.3°F and Dinajpur 49.6°F.
Mean maximum temperature - April, Dinajpur 
94.3°F.
The annual rainfall for all Bangladesh varies from 50 inches 
in the west to 100 inches in the southeast and to 200 inches in the 
sub-Montane region of the Assam Hills in the north.
3.2.2 Cropping Patterns and Types of Soil
In the northern part of Bangladesh, there is a large and 
prominent patch of "Khiar" (red or reddish yellow) soil in the 
Dinajpur, Rajshahi, Bogra and Rangpur districts. On the bank of the 
river Jamuna in Rangpur and Pabna districts there is a large "pali" 
of sedimented soil. This is an excellent soil which usually yields 
three crops, including jute. In addition there are extensive sandy 
loams and clay loam soils in the northern part of Bangladesh (Ahmed 
1968).
Thus three types of soils are generally found and crop 
cultivation varies with soil type. The red soils in Northern 
Bangladesh produce one crop, winter rice; the clay soils produce both 
summer and winter crops, while sandy soils yield ginger, turmeric etc.
In general summer rice, winter rice, jute, oil seeds, sugarcane, 
wheat and potato are the major crops in the northwest of Bangladesh. 
According to the 1961 Census of Agriculture, the crop distribution in
Rajshahi district was as follows (Table 3.5). Winter rice accounted
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for approximately 70 percent of the acreage in 1961 and the proportion 
would not be very different today. Winter and summer rice together 
accounted for approximately 90 percent of the acreage. Wheat 
accounted for less than two percent of the acreage and ranked after 
jute, oil seed and sugarcane.
3.2.3 Place of Wheat in the Northwest
As is evidenced in Table 3.5 wheat is a minor crop though 
somewhat more suited to the climatic conditions of northern Bangladesh 
than competing crops. It has always been a minor crop. Since the 
rice shortage of 1943 and the consequent famine and prevalence of 
rationing and general scarcity during the second world war, the 
consumption of wheat has increased. However, the leading producing 
districts are Rajshahi, Rangpur, Kushtia, Pabna and Dacca respectively. 
The normal yield in the area in 1961 was 5 maunds per acre (185 kg/acre).
In the year 1963/64, of the total 142,000 acres planted with 
wheat, the northwest region planted 96,000 acres, i.e. about 70 percent 
of the total wheat acreage in Bangladesh. The evidence is that there 
is a clear trend towards more of the wheat production of Bangladesh 
being concentrated in this area.
TABLE 3.5
PRINCIPAL CROPS OF THE RAJSHAHI DISTRICT
Principal Acres % of Total Yield/acre
Crops Acreage (kg)
Summer Rice 297753 20.99 333
Winter Rice 977028 68.17 259
Jute 48405 3.42 666
Oil Seeds 31500 2.22 111
Sugarcane 35600 2.51 13616
Wheat 24600 1.74 185
Potato 13500 0.95 1813
1418386 100.00 -
Source: Government of East Pakistan 1961.
/If)
TABLE 3.6
SUMMARY OF THE PHYSICAL FEATURES IN 
WHEAT GROWING DISTRICTS OF WEST BENGAL 
AND RAJSHAHI DISTRICT IN BANGLADESH
Districts Climate Monsoon Rainfall Hottest
Month
Coldest
Month
Murshidabad hot, dry June to 54 inches April 98.8°F Max 77°F
(West Bengal) oppressive September Max - _ .o Min 53.6°Fsummer 74 F Mm
Malda oppressive June to 60 inches April,
(West Bengal) summer September max. in Max 103°F
August Min 73°F
West Dinajpur hot June to 64 inches 97°F Max -
(West Bengal) summer September (July -
Aug. Max. )
Raj shahi hot June to 55 inches Min 70°F Min 49°F
(Bangladesh) summer September Max 97°F Max 80in
Sources: Government of East Pakistan 1961
Government of West Bengal 1961
AREA
TABLE 3.7
AND PRODUCTION OF WHEAT AND
WEST BENGAL
('000 acres and tons)
RICE IN
Rice WheatYear
Area Production Area Production
1955-56 10771 4185 85 19
1963-64 10988 5331 121 312
1964-65 11589 5763 102 283
1970 12440 6350 595 4004
1974-75 13442 6543 1047 8375
1 Government of India 1958, pp 431-8.
2 Government of India 1965, pp 40-57,
3 Government of India 1966, pp 34-41.
4 Government of India 1970, pp 58-65.
5 Government of India 1975, pp 45-9.
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3.3 A Comparison of the Northwest Region of Bangladesh with other
Wheat Growing Regions
It is well known that the rate of adoption of new grain 
varieties varied widely both in terms of the type of grains and the 
farms and regions involved. For example, the Mexican progress in 
wht at has not yet been matched by their progress in corn; similarly 
Indian progress in wheat has not yet been matched by their progress 
with rice (Dalrymple 1969,p.38). This is an important point to be 
considered: "miracle" varieties of grain do not produce miracles
everywhere. Consequently although HYV of wheat are grown successfully 
in the northwest it is necessary to establish the possible extent of 
the long term viability of HYV of wheat either by the introduction of 
research stations or by observation of yields in areas which are almost 
identical to the northwest region.
There are areas in West Bengal adjacent to Bangladesh which 
although mainly rice growing, do produce proportionately more wheat 
than the northwest of Bangladesh. We have only found up-to-date 
information which relates to West Bengal in aggregate. The areas of 
West Bengal that are relevant are Murshidabad, Malda and West Dinajpur.
Table 3.6 summarises their climatic conditions and it can be 
seen that they are very similar to those of Rajshahi district of the 
northwest of Bangladesh: the differences in rainfall and temperature 
are insignificant.
Table 3.7 lists the area and production of wheat and rice in 
West Bengal. As in the northwest of Bangladesh, West Bengal is 
primarily a rice producing area but the acreage and production of 
wheat has increased considerably since the mid-fifties and the rate of 
acceleration also appears to be increasing. Between 1970 and 1974-75
for example, the rice area increased by less than 10 percent but wheat 
acreage approximately doubled.
While we have not had the success in collecting data that we 
would have liked, it does appear that HYV of wheat are being grown 
successfully in West Bengal in similar climatic and soil conditions 
and therefore should be equally successful in the northwest of 
Bangladesh. Further, what little wheat is produced in Bangladesh is 
produced at present in the northwest region.
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THE PROCESS OF WHEAT PRODUCTION
Northwest Bangladesh
The present study is concerned with the production potential for 
HYV of wheat on currently uncropped land in the northwest of Bangladesh 
and the capability of HYV of wheat to replace rice in winter.
4.1.1 The Data Available
It has not been possible to collect all the necessary data for 
this investigation. There are two major limitations. First, the 
production capabilities and cost of HYV of wheat should be compared with 
those of rice. Unfortunately we do not have rice data for a comparable 
sample of farms. Originally it was believed that other studies may 
provide data and results for rice. However, after an initial invest­
igation it became clear that it would be very difficult to find a 
relevant study and then, even if successful, all sorts of difficulties 
would arise where comparisons were made. It was decided therefore to 
abandon the search for other data and instead direct our energies towards 
the analysis of the data at hand. The study, therefore, would concentrate 
on a comparative analysis of farms growing high and low yielding wheat 
varieties.
The second major limitation is that HYV of rice and wheat both 
require irrigation although the water requirements of wheat are less. 
Consequently, good data as to the cost of irrigation projects would be 
required. These data are also unavailable. Each of the farms using 
irrigation in the study paid a fixed irrigation fee but it has not 
proved possible to relate this fee to the total cost of irrigation.
Both these problems are major constraints limiting the scope 
of the study.
The data for the present study are available from a primary 
source - the Department of Agricultural Economics, Bangladesh 
Agricultural University. These data were the outcome of a cross-
4.1 Data Requirements for the Assessment of Wheat Prospects in
section study of the small farms of different sizes and levels of input 
use in the 1974 75 crop season. The farms were selected from Rajshahi 
Sadar and the Godagari police stations in Rajshahi district. The random 
sampling technique was followed.
Ninety farms were selected from a farm group which cultivated 
Local Variety (LV) wheat and another 88 from a group of farms which 
cultivated high yielding (HYV) wheat. The farmers did not grow wheat 
alone - but the accounts collected refer only to wheat. Thus for 
measuring the crop competitiveness in a single farm, the data can 
provide information on wheat only. They fail to provide information 
on other crops grown by the same farmer in the same year. Consequently, 
although it is possible to compare cost structures and rates of return 
for high yielding and local variety (LV) wheat it is not possible to 
compare wheat growing with other alternatives.
Nor has it proved possible to collect from secondary sources the 
cost of the production of the other important crops usually grown by 
farms in the area. The data on wheat are available in the form 
following physical inputs such as human labour per acre and animal 
labour per acre and a range of input costs such as the cost of human 
labour per acre, cost of animal labour per acre, cost of seed per acre, 
cost of manure per acre, cost of irrigation and fertilizer per acre, cost 
for interest on the value of land, interest on operating cost and cost 
of equipment per acre.
Cost was calculated on the basis of opportunity cost. The 
calculation of the cost of human labour was direct. The total 
physical units of human labour per acre was multiplied by Taka 0.50 
per hour. Likewise animal labour cost was obtained by multiplying
the total animal hours by Taka 0.50.
The cost of seeds was also determined at a flat rate. Whether 
the seed was home supplied or purchased the cost was calculated at the 
rate of Taka 2.00 per seer (2 lbs.). Thus the per acre seed requirement 
in physical units multiplied by Taka 2.00 provided the seed cost of the farm
The cost of manure was calculated at the rate of Taka 2.00 per
maund (37 Kg.). The fertilizer cost was computed assuming a cost of 
Taka 1.00 per seer of fertilizer.
The source of irrigation water was the tube well canals of the 
ADC or Cooperatives. The cost of irrigation was calculated at Taka 
80.00 per acre.
Insecticides were available at a subsidised rate. The cost 
incurred by the farmer for the purchase of insecticide was the insecticide 
cost for that farmer.
The cost of land use consisted of land revenue and interest on 
the value of land. Land revenue was found to be different for different 
farms and the value of land also varied according to location, fertility 
of soil, topography and distance from source of water. Land revenue and 
interest on the value of land were charged for three months only to cover 
the period necessary for wheat production.
The cost of tools and equipment was calculated on an annual basis. 
From this total annual cost, the cost for wheat was apportioned on the 
basis of the percent of work devoted by each item of equipment to wheat 
cultivation.
In conclusion the data available has severely circumscribed this 
study. Because of the data the study is confined to a comparison of 
the characteristics of high and low yielding wheat. In the following 
chapters the input and yield characteristics of the two crops are 
considered. It is hoped that this detailed analysis will provide a firm 
basis to begin a more detailed and subsequent study on the relative 
merits of rice and wheat production in winter in the northwest of 
Bangladesh.
4.1.2 Assumptions and Limitations in Brief 
Assumptions
(1) Foodgrain production has been assumed to
be the combined production of rice and wheat.
(2) The potentiality for wheat is investigated
in northwest Bangladesh in winter. The empirical 
results are obtained on the basis of the 1974-75 
data.
(3) The price of the inputs is assumed to be 
the same for all the farms. It was calculated 
at a flat rate.
(4) None of the 90 LV farms (both users and 
non-users of fertilizer) used irrigation. All 
the HYV farms, on the other hand, applied 
irrigation water.
(5) It was assumed that the same Cobb-Douglas 
production function would fit all the sets of 
farms.
(6) In the production function analysis the 
dependent variable was the yield per acre. The 
independent variables were the per farm per acre 
figures of the inputs in physical terms.
Limitations
(1) Data on rice were not available. So it was 
not possible to compare HYVs of rice and wheat.
(2) All the HYV wheat farms used similar amount 
of irrigation water. Hence it was not possible 
to estimate the marginal productivity of
water for this crop.
• (3) The distribution of human labour on various
operations was not available and hence the labour 
used on harvesting could not be separated from 
total labour applied.
(4) There was no factor price data varying 
from farm to farm which proved impossible to
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accomplish a thorough analysis of the response of 
factor proportions to changes in relative prices.
(5) Variables like management and soil condition 
could not be included in the production function 
analysis.
(6) The marginal productivity of factors other 
than human labour on the LV without fertilizer 
farms should not be taken seriously because 
their coefficients were not significant.
4.2 Yields; Total Costs and Net Returns
The distribution of yields per acre are given in Table 4.1.
In both varieties of wheat there is a wide range of yield per acre 
but even so the yields of the two groups do not overlap. Those farms 
with the highest yield derived from the local wheat varieties do not 
produce a yield as high as the lowest yield from the farms which grow 
high-yielding wheat varieties.
In general the yields per acre are not related to farm size 
(Table 4.2). Both groups have a similar size distribution although 
HYV farms tend to be larger. In all size groups the HYV produce a 
yield at least twice as great as LV.
Within each group additional total cost is associated with 
higher yields (Table 4.3) . The relationship is quite marked. For 
LV of wheat an increase of cost from say 350 Taka to 550 Taka per 
acre, a 60 percent increase, increases the yield by slightly less.
A similar relationship is evident for HYV. An increase in cost
from Taka 550 per acre to 850 per acre, a 54 percent increase, is 
associated with a 55 percent yield increase. The associations, 
therefore, are very close to proportional with the associations 
being similar for each group. With regard to the relationship 
between net returns and yields per acre we find (Table 4.4) that the 
proportionate association between costs and yields is as 
expected. Net returns increase as yields increase although the
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evidence suggests that the increase in net returns is slightly more 
than proportionate.
TABLE 4.1
YIELD PER ACRE AND NUMBER OF FARMS (LV AND HYV FARMS)
Yield
Groups
(Maunds)
No of
LV
Farms
No of
HYV
Farms
<7.00 18
7.00- 8.99 42 -
9.00-10.99 29 -
11.00-12.99 1 -
13.00-14.99 - 2
15.00-16.99 - 20
17.00-18.99 - 7
19.00-20.99 - 15
21.00-22.99 - 14
23.00-24.99 - 17
25.00 and above - 13
All Farms 90 88
RELATION OF WHEAT
TABLE 4.2
ACREAGE TO YIELD PER ACRE
Size LV HYVGroup No of Yield No of Yieldl acres> Farms (Maunds) Farms (Maunds)
< 0.25 15 7.50 3 20.18
0.25 - 0.49 30 7.54 27 22.84
0.50 - 0.74 40 8.77 11 20.03
0.75 -0.99 3 7.97 25 18.95
1.00 - 1.24 2 9.00 9 19.68
1.25 - 1.49 - - 8 21.54
1.50 and above - - 5 21.17
All Farms 90 88
TABLE 4.3
RELATION OF COST PER ACRE TO YIELD OF WHEAT
Cost Groups 
(Taka per Acre) LV HYV
No of
Farms
Yield
(Maunds)
No of
Farms
Yield
(Maunds)
4 300.00 2 7.06 - -
300.00 - 399.99 41 7.01 - -
400.00 - 499.99 32 8.71 - -
500.00 - 599.99 15 10.14 2 14.84
600.00 - 699.99 - - 22 16.55
700.00 - 799.99 - - 30 20.39
800.00 - 899.99 - - 14 23.24
900.00 and above - - 20 24.79
ALL FARMS 90 88
TABLE 4.4
RELATION OF NET RETURN PER ACRE TO YIELD OF WHEAT
Yield
Group
(Maund/acre)
LV HYV
No of
Farms
Net
Returns/acre 
(Taka)
No of
Farms
Net
Returns/acre
(Taka)
< 7.00 18 49.77 - , -
7.00 - 8.99 42 68.00 - -
9.00 -10.99 29 92.18 - -
11.00 -12.99 1 159.82 - -
13.00 -14.99 - - 2 288.68
15.00 -16.99 - - 20 328.75
17.00 -18.99 - - 7 356.95
19.00 -20.99 - - 15 471.56
21.00 -22.99 - - 14 507.04
23.00 -24.99 - - 17 555.03
25.00 and above - - 13 585.39
TABLE 4.5
RELATION OF TOTAL COST TO NET RETURNS
Cost Groups 
(Taka/acre)
No
of
Farms
Total
Cost
(Taka)
Net
Returns
(Taka)
Net Returns
as Percent
of TC
No of
Farms
Total
Cost
(Taka)
Net
Returns
(Taka)
Net Returns
as Percent 
of TC
LV HYV
<300.00 2 274.41 120.38 43 - - - -
300.00-399.99 41 365.96 88.14 24 - - - -
400.00-499.99 32 452.72 70.08 15 - - - -
500.00-599.99 15 521.75 87.20 16 2 562.49 328.21 58
600.00-699.99 - - - - 22 642.40 351.26 54
700.00-799.99 - - - - 30 753.01 470.74 62
800.00-899.99 - - - - 14 857.29 537.48 62
900.00 and above - - - - 20 945.08 541.87 57
TABLE 4.6
PER ACRE COST COMPONENTS OF HYV AND LV WHEAT
Item
LV Wheat HYV Wheat
Quantity Cost
(Taka)
Percent Quantity Cost
(Taka)
Percent
Human Labour 306.26 153.13 36.93 461.09 230.55 29.52
(Hours)
Animal Labour 105.07 52.54 12.67 160.57 80.29 10.28
(Hours)
Seeds, seers 29.17 58.34 14.07 40.47 80.95 10.36
Manure, maunds 31.67 63.62 15.34 26.66 53.33 6.83
Fertilizer, 17.46 17.46 4.21 167.56 167.56 21.45
seers
Irrigation Cost - - - - 81.74 10.46
Insecticide - 0.06 0.01 - 1.39 0.18
Land Revenue - 1.11 0.27 - 1.04 0.13
Int on Value of - 59.16 14.27 - 71.42 9.14
Land
Equipment Cost - 5.17 1.25 - 4.87 0.62
Interest on )
Operating ) - 4.05 0.98 - 8.09 1.03
Capital )
TOTAL COST - 414.64 100.00 781.23 100.00
Yield 8.13 - - 20.76 - -
Gross Return 487.81 - - 1,245.76
Net Return 73.17 464.53
4.3 Yields and Cost Structure Per Acre: an Overview
The major sources of input costs to farmers in the area under 
study are human labour, animal labour, manure, fertilizer and 
irrigation. The quantity and cost per acre of these inputs is given 
in Table 4.6.
The level and structure of costs differs between high and low 
yielding wheat varieties. In the previous section we noted that the 
cost level per acre of HYV of wheat is almost twice that of LV wheat.
The higher cost level is general across all inputs; that is, for every 
input the HYV of wheat incurs approximately twice the cost. For 
both wheat varieties labour is the largest cost item, 37 percent of 
the total cost per acre for low yielding varieties of wheat and 30 
percent for the high yielding varieties.
The next cost item of importance is fertilizer. For LV the 
fertilizer takes the form of manure and represents 15 percent of costs. 
HYVs also use animal manure but chemical fertilizers are essential for 
maximum yield. Chemical fertilizers represent 21 percent of costs.
Both varieties of wheat incur a similar percentage cost level 
of animal labour, seeds and interest on land although in all instances 
the absolute cost levels are greater for HYV.
4.4 The Relationship between individual Input Costs Per Acre and Yield
4.4.1 Labour Cost
Human labour is the most important cost item in the production 
of the LV and HYV of wheat. It consists of about 37 percent and 30 
percent of the total cost of the LV and HYV of wheat respectively.
The relationship between human cost per acre and yield is given in 
Table 4.7 and Figure 4.1.
1 Since the per unit cost of an individual input is assumed to be the sai 
for all the farms, a higher cost per acre for an input in a group indi 
a higher level of input use.
TABLE 4.7
RELATION OF HUMAN LABOUR COST TO YIELD 
OF WHEAT PER ACRE (LV AND HYV)
Groups LV Wheat HYV Wheat
(Taka per --
Acre) No ofFarms
Yield/Acre
(Maunds)
No of
Farms
Yield/Acre
(Maunds)
<100.00 9 6.83 0 -
100.00-149.99 33 7.23 6 15.54
150.00-199.99 37 8.72 17 17.53
200.00-249.99 11 9.89 22 20.79
250.00-299.99 - - 17 23.82
300.00-349.99 - - 11 23.98
350.00 and
above 15 20.63
RELATION
TO YIELD
TABLE 4.8
OF ANIMAL LABOUR
OF WHEAT (LV AND
COST
HYV)
Groups LV Wheat HYV Wheat
(Taka per No of Yield/Acre No of Yield/AcreAcre) Farms (Maunds) Farms (Maunds)
< 50.00 36 7.65 0 -
50.00- 59.99 39 8.15 7 17.38
60.00- 69.99 14 9.09 19 17.19
70.00- 79.99 1 10.72 23 19.44
80.00- 89.99 - - 16 22.23
90.00- 99.99 - - 9 23.75
100.00-109.99 - - 10 25.07
110.00 and
above _ 4 22.93
Yi
el
d 
of
 W
he
at
 P
er
 A
cr
e 
(M
au
nd
s)
FIGURE 4.1
RELATION BETWEEN HUMAN LABOUR COST AND WHEAT YIELD PER ACRE
24.0 -
22.0
20.0_
18.0 -
16.0-
14.0-
12.0 ' 
10.0 -
8.0 -
6.0 "
4.0 ~
_____I______ i______ |______ i______ |______ i______ i______ l------ 1------ 1------ 1------ 1------ 1------ 1
<100.00 100.00- 150.00- 200.00- 250.00- 300.00- 350.00 and
149.99 199.99 249.99 299.99 349.99 above
Human Labour Cost Per Acre (Taka)
64
For both wheat varieties it appears that increasing labour 
costs are associated with higher yields. Farms with the highest 
labour input, whether producing LV or HYV wheat, achieve yields 40 
to 50 percent greater than farms with the lowest labour input.
For HYV farms the highest yield level was obtained in the 
second highest labour cost category. Farms incurring 350 Taka 
labour costs and above per acre obtained 20.63 maunds of wheat, 
whereas those incurring labour costs of 300-349 Taka achieved 23.98 
maunds per acre. Although human labour is one of the most important 
factors it is not the only factor for obtaining increased yields and 
in the absence of other complementary factors, mere application of 
greater amounts of human labour may not increase yield. Whether the 
reduced yield of those farms which use most labour is the result of 
inappropriate factor proportions or some other influence should 
become evident when we undertake a production function analysis in 
the next section.
It is also clear from Figure 4.1 that a given labour cost 
achieves a yield for HYV which is approximately double that of the 
local wheat variety. It is also evident that the absolute level of 
labour costs is different for the two varieties. Approximately 
50 percent of farms planting HYV wheat use amounts of labour that 
exceed the highest labour input of farms planting local varieties.
4.4.2 Animal Labour Cost
The use of animal labour was higher in the HYV farms than in 
LV farms. Most of the farms in the LV group (83 percent) have an 
animal labour cost level less than 59.99 Taka per acre (Table 4.8 
and Figure 4.2). About 80 percent of the HYV farms (81 farms) used
1 Distribution of human labour on various operations was not available.
The conversion of man hours was calculated as follows:
2 children = 1.5 women = 1 adult male.
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a level of animal power which cost more than 59.99 per acre.
For both types of farms there is a positive relationship 
between the level of animal cost and the level of yield, although 
the highest level of yield (25.07 maunds) was produced by a group 
of HYV farms which did not use the greatest amount of animal power.
HYV farms incurring the highest amount of animal power cost (100-109 
Taka per acre) obtained a yield approximately 10 percent less than 
the group of farms using the second highest amount of animal power.
The pattern of the relationship between the cost of animal 
power and yield per acre is very similar to that between labour cost 
and yield: there is a higher yield per input cost for HYV, there is 
a greater use of the input for HYV and there is a reduced yield for 
HYV in the largest input cost category.
4.4.3 Seed Cost
In order of importance, seed cost follows that of human labour 
and animal power. Farms growing LV wheat incurred lower levels of 
seed cost than the HYV farms. Most of the farms growing the local 
wheat variety incurred costs of 59-69 Taka per acre, but 71 
percent of the farms in the HYV group incurred seed costs greater 
than this (Table 4.9).
There is a positive relationship between seed cost and yield, 
as expected, but as there appears to be little difference between the 
two lowest seed cost categories for LV farms• The relationship for 
these farms is not strong. In the case of the HYV farms the positive 
relationship is more regular. LV farms which incurred a seed cost of 
less than 59.99 Taka per acre obtained a yield of 8.02 maunds, 
whereas farms in the HYV group with the same level of seed use
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obtained a yield of 16.48 maunds.
4.4.4 Fertilizer Cost
Manure is the main input for increasing soil fertility in 
subsistence agriculture. The use of modern chemical fertilizers is 
relatively new and limited. Almost all farms in the HYV and LV 
groups used manure for fertilization purposes. The effect of 
manure on the yield of LV farms is more pronounced. In the case of 
the HYV farms the yield increasing impact of the level of manuring 
is less regular. The irregular relationship for HYV farms may be 
due to their higher use of commercial fertilizer and substitution 
between the two fertilizer sources (Table 4.10).
Unlike other cost categories the cost of manure tended to be 
overlapped between the two farm groups and there is no tendency for 
HYV farms to use absolutely more of this input.
Commercial fertilizer is considered to be an indispensable 
part of modern farm technology. There is a considerable difference 
in the level of commercial fertilizer use by the LV and HYV farms, and 
indeed, the application rates do not overlap. The highest fertilizer 
cost1 for LV farms ranged from 60.00 to 79.99 Taka - two farms were in 
this category - but none of the farms growing HYV wheat utilized 
fertilizer at such a low level.
Although the level of fertilizer use is lower in LV farms, the 
yield increasing impact of fertilizer is regular. For HYV farms the 
yield impact of fertilizer use is again positive but subject to 
greater variation (Table 4.11).
4.5 Summary
In this section we discussed the relationship between input
1 The subsidised price of fertilizer is Taka 1.00 per seer. It is 
distributed through the Government channel. So the cost assumed is 
accurate.
TABLE 4.9
RELATION OF SEED COST TO YIELD OF WHEAT (LV. AND HYV)
Cost Groups 
(Taka/Aorp)
LV HYV
No of
Farms
Yield/Acre
(Maunds)
No of
Farms
Yield/Acre
(Maunds)
< 60.00 55 8.02 4 16.48
60.00-69.99 29 7.89 17 16.34
70.00-79.99 6 10.17 13 20.41
80.00-89.99 - - 30 21.65
90.00 and
above - - 24 23.66
All Farms 90 8.13 88 20.76
TABLE 4.10
RELATION OF MANURING COST TO YIELD OF
WHEAT PER ACRE (LV AND HYV)
Cost Groups 
(Taka/Acre)
LV HYV
No of
Farms
Yield/Acre
(Maunds)
No of
Farms
Yield/Acre
(Maunds)
Nil 1 6.66 - -
<40.00 6 7.17 13 18.69
40.00-49.99 16 6.98 24 19.69
50.00-59.99 13 7.36 24 21.87
60.00-69.99 21 8.18 16 21.75
70.00-79.99 8 8.26 5 21.85
80.00-89.99 15 9.58 3 21.31
90.00-99.99 8 9.41 1 17.50
100.00 and
above 2 8.68 2 24.02
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TABLE 4.11
RELATION OF FERTILIZER COST TO YIELD 
OF WHEAT (LV AND HYV)
Cost Groups LV HYV
No of
Farms
Yield/Acre
(Maunds)
No of
Farms
Yield/Acre
(Maunds)
Nil 50 7.16 - -
<40.00 18 8.50 - -
40.00- 59.99 20 9.81 - -
60.00- 79.99 2 9.86 - -
80.00- 99.99 - - 1 20.77
100.00-119.99 - - 18 18.17
120.00-139.99 - - 18 18.55
140.00-159.99 - - 8 19.82
160.00-179.99 - - 4 22.08
180.00-199.99 - - 14 22.33
200.00-219.99 - - 5 21.70
220.00-239.99 - - 9 25.31
240.00 and
above - - 11 23.91
All Farms 90 8.13 88 20.76
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FIGURE 4.5
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use and crop yield. A number of characteristics of the two groups 
of farms were evident and these characteristics will help provide 
useful background knowledge for the more complicated analysis that 
follows. As the yields per acre of both varieties of wheat will 
depend on the combined effects of all inputs the following 
descriptions between yields and different input levels of individual 
inputs, without keeping other inputs constant, should not be taken as 
causal relationships.
(1) In general, farms which crop HYV of wheat 
apply more of all inputs. With the 
exception of manure there was little overlap 
in input use between the two farm groups.
The level of input use is significantly less 
for farms planting local wheat varieties.
(2) For LV farms the association between input 
use and yield is positive for all inputs 
considered above. Greater input use is 
associated with higher yields.
(3) For farms which crop HYV wheat the 
association between input use and yield 
is positive in general but for a number 
of inputs there is a tendency for those 
farms which use the highest rate of input 
to experience a lower yield. Yield 
tends to peak in the category of the 
second largest rate of input use.
For each input, where utilization rates(4)
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overlapped, the yields of HYV wheat 
were approximately twice those of LV.
4.6 The Interrelationship between Inputs
In this section we explore the degree of substitutability
and complementarity between factors of production. There is no 
factor price data available which would allow a thorough analysis 
of the response of factor proportions to changes in relative prices 
but nevertheless it should be possible to make some general 
propositions. Table 4.12 lists the partial correlation coefficients
TABLE 4.12
SIMPLE CORRELATION MATRIX (LOCAL VARIETY)
Yield Human Animal Seed Manure Fertilizer
Labour Labour
(X^ «2> <x3) (x4) <x5>
Yield 1.000 0.750 0.390 0.320 0.277 0.777
X1 1.000 0.339 0.224 0.295 0.660
X2 1.000 0.174 0.039 0.330
X3 1.000 0.019 0.116
X4 1.000 0.229
X5 1.000
between each of the inputs and yield. As noted earlier there is a
positive relationship between yield and each input. Between yield 
and human labour and yield and fertilizer this positive relationship 
is very strong. There is also a positive relationship between each 
of the inputs. If more of any particular input is used per acre it
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tends to be associated with more of other inputs. There is a strong 
positive association between fertilizer and human labour, for example, 
and to a lesser extent between human and animal labour. The 
associations between seed, fertilizer and manure tend to be weaker 
but even between manure and fertilizer there is a positive association. 
Farming practices in these farms therefore do not exhibit a high 
degree of substitution between inputs in the sense that if more of one 
input is used per acre then less use is made of another. Similar
TABLE 4.13
HYV FARMS : CORRELATION MATRIX
Yield Human
Labour
Animal
Labour
Seed Manure Fertilizer
Yield 1.000 0.853 0.679 0.777 0.280 0.690
Human
Labour 1.000 0.600 0.653 0.200 0.500
Animal
Labour 1.000 0.460 0.230 0.699
Seed 1.000 0.080 0.430
Manure 1.000 0.188
Fertilizer 1.000
associations between inputs are found for high-yielding farms only they 
appear to be a little stronger. Animal labour, human labour, 
fertilizer and seed are all positively and significantly associated. 
Although all inputs are positively associated the degree of 
multicollinearity between them does not appear to pose a problem.
None of the intercorrelations exceeds 0.8.
4.6.1 Summary
In this chapter we have described some of the predominant 
characteristics of wheat farming. The analysis has been conducted 
in a partial manner. In the next section we analyse the data more 
fully by fitting production functions.
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CHAPTER 5
PRODUCTION FUNCTIONS FOR FARMS GROWING LOW 
YIELDING WHEAT VARIETIES OR HIGH YIELDING VARIETIES
5.1 Discussion on the Theory
5.1.1 The Cobb-Douglas Production Function
A production function describes the transformation of a set 
of inputs into output. For a group of homogeneous farms, we can 
write the production function as:
Q=f (X. -----,X )l n
where Q is the observed output of farms having
different sets of inputs, X.....X .In
The choice of a particular functional form depends upon 
criteria such as compliance with a priori notions about the engineering 
and economic laws of production, computational manageability, and so on.
Yotopoulos (1968) has pointed out the difficulties underlying 
the choice among alternative functional forms: it is difficult to 
establish empirically that one functional form alone describes the 
logic and mechanics of the production process. Research of nearly 
four decades has established a strong presumption that a number of 
functions are competent initial approximations of the 'true1 form.
Among these functions a comfortable choice of a specific algebraic 
form can be made on the basis of its theoretical implications and its 
computational manageability. In this study, the unrestricted Cobb- 
Douglas form, that is, an equation linear in the logarithms of the 
variables will be chosen for its relative ease of manipulation and 
interpretation of the data.
Having selected the appropriate functional form, the ordinary 
least squares method of statistical estimation will be used. The
78
Production function estimated will be the average production function.
5.1.2 Properties of the Cobb-Douglas Function
The popularity of the Cobb-Douglas function can be attributed 
largely to its basic consistency with the established body of 
economic theory, and to its computational simplicity.
The Cobb-Douglas functional form is:
Q.=b X. ,bi ......X ,bn ....... (D
J o 13 nj
Where is the output of farm j
ij is the factor input . used by the farm .1 Jb . Jo is the constant
bi is the parameter associated with the i-th 
input.
For computational purposes this form becomes linear in the
logarithms of the variables. Thus it can be written in the Log
(lower case letters) linear form as:
q. b +b, x. . +..... b x . ....... (2)1= o 1 13 n nj
The marginal product of each input factor is the partial derivative of 
the output with respect to an input, with all other inputs held constant, 
thus differentiating the function (1) with respect to one input, X., 
we have:
MPx.=9Q 1 9*i
=b b X.bi_1 . . .X bn 
101 n
Since (— ) is the average product of factor i, 
i
equation (3) shows that the marginal product of 
the i-th input is equal to the average product 
multiplied by the exponent of the i-th factor.
The elasticity of production of each input is defined as the 
percentage change in output for a one percent change in that input, 
while the other input levels are held constant. The elasticity of 
production of the i-th input is given by the exponent of that input.
The Cobb-Douglas function therefore assumes a constant 
elasticity of production over the entire input - output curve.
The rate at which the marginal productivity changes as the 
level of the input changes can be derived from equation (3). The 
second derivation of (3) gives:
= b.(b.-l) Q
oX.21 l l
(4)
Xi
which is negative since b.<1. Thus
there is diminishing marginal productivity 
for increasing input levels.
The degree of homogeneity of the function and the returns to scale are 
measured by the sum of the elasticities of production. Hence if Eb^ 
is greater than unity, there are increasing returns to scale.
Under the assumption of profit maximising behaviour the first 
order equilibrium condition is that the marginal value product of each 
of the resources should be equal to the marginal cost. Assuming 
perfectly competitive product and factor markets, the marginal product 
of each factor is equal to the ratio of the price of the factor and 
the price of the product. Hence, for the i-th factor, the first 
order profit maximization condition occurs when:
PX.
MPX.=-ttl l P
b.i xi P
PX. = price of the i-th 
where factor;
P = price of the
product
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A discrepancy between the value of the marginal productivity 
of a factor and its opportunity cost will measure the existence of 
resource misallocation of a particular firm in the production process.
5.1.3 Limitation of the Cobb-Douglas Function
The Cobb-Douglas production function cannot be used 
satisfactorily for data where there are ranges of both increasing and 
decreasing productivity. It follows, therefore, that the function 
cannot be used satisfactorily for data with positive and negative 
marginal products. The rate of decline in the marginal product decreases 
with input magnitude but the marginal product can never be zero and 
hence the maximum product is not defined.
Finally, and as this will prove to be important subsequently, 
all farms must use all inputs. The Cobb-Douglas production function- 
is not well suited for the situation where one input is used by some 
farms but not others.
5.1.4 Estimation : The Ordinary Least Squares Procedure
To estimate the Cobb-Douglas production function, the Log- 
linear form of the equation is used. Since there will be many 
sources of errors - the measurement of the data, excluded variables - 
an error term is introduced which is assumed to be additive in 
logarithms.
Equation (2) becomes:
q = b + b.x.. + ^ o 1 11 .+ b x . + U. n n] j
where U is the stochastic error term. This equation now
j
expresses the exact linear relationship between the dependent variable 
q and the n explanatory, or independent, variables x^, .... xn an<^
the error term.
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The OLS method is used to estimate the unknown parameters
bi ^1=0'1’2....n) and the error distribution. The sample estimates
of the equations are:
I A A aq = b + b x + . . . . + b x. . + . . . .iH b x . 5— o 11] ii3 n n] :
The Least Squares method of estimation provides the best linear 
unbiased estimates of the parameters, given the following assumptions:
(a) the error terms are randomly distributed with 
zero mean;
(b) the error terms are uncorrelated and have a
2common variance 0 ;
(c) the explanatory variables are not correlated 
with the error terms.
5.2 The Results
In Chapter 4 we discussed the level of input use in the 
production of high yielding and low yielding wheat in considerable 
detail. It was observed that in the case of the HYV wheat both 
the level of input use and the level of yield per acre were higher.
The average per acre yield in the HYV wheat farms was 20.76 maunds 
per acre and that of LV farms 8.13 maunds. This yield differential 
may result from the difference in input use or from different 
production functions for the two groups. In this chapter an effort 
will be made to determine which factor is the cause for yield 
differential in the HYV and LV farms.
We first report the regression results for each set of farms 
separately. The dependent variable was the yield per acre of individual 
farms. The independent variables entered in the regression were the per acre 
figures of human labour, animal labour, seed, manure and fertilizer. Thus 
both the dependent and independent variables entered in the regression were 
the per farm per acre figures. Data collected but excluded from the 
regression were irrigation and insecticide cost. These variables were 
excluded because of lack of variation in the data.
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Other variables such as management and soil condition could 
not be included in this analysis. Some studies (Yotopoulos 1968 
and Massel 1967) have used proxy variables to measure management - 
but the problem of treating management as an explanatory variable 
has not been solved satisfactorily, because of the lack of generally 
accepted cardinal measures(Jabbar 1977). Although the special 
importance attached to management for efficiency in resource 
allocation demands a more elaborate treatment of this variable, it 
was beyond the scope of the present study. Soil type was excluded
because of lack of data.*"
The results of the regression for LV farms are presented in 
Table 5.1.
TABLE 5.1
REGRESSION COEFFICIENTS AND OTHER 
STATISTICS IN THE LV FARMS
Variables Coefficient Standard Error t-values
Fertilizer 0.016 0.002 6.660**
Human Labour 0.242 0.051 4.720**
Animal Labour - 0.009 0.037 0.260
Seed 0.325 0.106 3.030**
Manure 0.007 0.009 0.834
Constant (log C)R2 = 0.72 = -0.1449
F = 47.21
No of observations = 90 
** Significant at the 1% level
Many production function studies include the size of the farm as a 
variable. In this study the available area under wheat was used as 
one of the independent variables - but the estimated coefficients were 
insignificant and negative. As a result the variable was excluded. 
The sample only includes very small farms.
1
The R (Table 5.1) which is 0.72 means that about 72 percent 
of the total variation of yield has been explained by the variables 
included in the regression.
The coefficients for fertilizer, human labour and seed are 
significantly different from zero at the one percent level of 
probability. These coefficients are fitted with the correct sign.
The animal labour coefficient is the wrong sign but not statistically 
significant.
In the case of low-yielding farms, the fertilizer variable 
created special problems. Not all farms in the low yielding (LV) 
group used fertilizer. Of 90 LV farms only 40 farms used fertilizer. 
Consequently for some farms the value of the variable was zero which 
is inadmissible in a Cobb-Douglas production function. In Table 5.1 
the fertilizer variable was measured as 0.001 wherever farms did not 
use fertilizer. This solution, although satisfactory from a 
mathematical view point, does raise questions as to the nature of the 
coefficient since any arbitrary value other than zero could be used.
As an alternative we employed a dummy variable to distinguish between 
farms which did and did not use fertilizer. This solution also is 
not completely satisfactory because use is not made of the information 
contained in the variation of fertilizer used.
The results when a dummy variable for fertilizer is used is
—2given in Table 5.2. The R falls from 0.72 to 0.71 but this is an 
insignificant change. The t-value of the fertilizer coefficient 
remains above six but of course the estimated coefficient changes. 
There are no significant changes in other coefficients.
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TABLE 5.2
REGRESSION COEFFICIENTS AND OTHER STATISTICS 
IN THE LV FARMS WITH FERTILIZER DUMMY
Variables Coefficients Standard Error t-values
Fertilizer Dummy 0.072 0.01144 6.320**
Human Labour 0.253 0.05169 4.890**
Animal Labour - 0.007 0.03789 0.197
Seed 0.330 0.10880 3.020**
Manure 0.007 0.00907 0.836
Constant (log C)
R2 = 0.71
= -0.231
F = 45.04
No of observations = 90
** Significant at the 1% level
The results
Table 5.3.
REGRESSION
of the regressions for HYV farms are
TABLE 5.3
COEFFICIENTS AND OTHER STATISTICS
IN THE HYV FARMS
presented in
Variables Coefficients Standard Error t-values
Fertilizer 0.160 0.03017 5.350**
Human Labour 0.303 0.03676 8.260**
Animal Labour 0.032 0.04997 0.640
Seed 0.374 0.05550 6.740**
Manure 0.059 0.02269 2.620**
Constant (Log C) = - 0.604
R2 = 0.88 
F = 133.09
No of observations = 88 
** Significant at the 1% level
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For the HYV farms all the coefficients have the expected sign.
With the exception of animal labour, the coefficients are significantly
—2different from zero at the one percent probability level. The R 
indicates that the equation fits the data well.
Are the production functions different for the two varieties?
We present both sets of data in Table 5.4.
TABLE 5.4
SUMMARY TABLE FOR THE LV AND HYV FARMS 
GROWING WHEAT
Variables LV Farms a HYV Farms
Coefficients t-values Coefficients t-values
Fertilizer 0.072 (.01144) 6.320** 0.160 (.03017)b 5.35**
Human Labour 0.253 (.05169) 4.890** 0.303 (.03676) 8.26**
Animal Labour -0.007 (.03789) 0.197 0.032 (.04997) 0.64
Seed 0.330 (.10880) 3.020** 0.374 (.05550) 6.75**
Manure 0.007 (.00907) 0.836 0.059 (.02269) 2.61**
Constant (log C) = -0.231 -0.604
R2 =0.71 °-88
F = 45.04 133.09
No of observations = 90 88
** Significant at the 1% level 
a With fertilizer dummy
b Figures in parentheses indicate the standard error of. the coefficient
Both production functions fit the data well - although that of
—2HYV farms appears to perform better. The R are 0.88 and 0.71 for 
HYV and LV farms respectively. The coefficients of human labour and 
seed in both regressions are very similar, and not statistically
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different from each other although in both instances the coefficients 
in HYV farms are higher. The manure and animal labour coefficients 
are different but with the exception of manure in HYV farms the 
coefficients are not significant. The greatest difference between 
the two sets of coefficients is associated with the fertilizer 
coefficient. Given that the variable is measured differently in 
each set of farms we cannot, without further investigation, make a 
judgement as to whether these coefficients are different. We return 
to this point later. To investigate whether the differences between 
the production functions are significant, we will pool all the farm 
data and apply a Chow test.
5.2.1 Test for Significant Difference in Variety Effect
To conduct a Chow test we first run a regression of output 
on the selected variables for the whole sample. We then divide the 
sample into two groups, based on the different varieties, to obtain 
two sets of estimates of the coefficients for the two different 
varieties of wheat.
Although it is apparent that the fertilizer coefficients are 
different,do the other parameters differ significantly or may the 
observed differences be attributed to chance? To answer this 
question we will perform a Chow test (1960) in a slightly unusual 
way. The test will be applied as usual but the separate regressions 
will not include all the same variables. The fertilizer coefficient 
will be allowed to vary between the two groups in that both fertilizer 
variables will be included in the pooled data. The Chow test,therefore, 
will be a test of the differences in all other coefficients except 
those attached to the fertilizer coefficients. We perform the F test 
suggested by Chow (1960). The F ratio is.
where
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F*
R - (R + R ) / K p_____a V __________
(R + R, ) / (H + N - 2K)a d a b
R is the Error Sum Squares (ESS) of the 'pooled' equation 
R^ is the ESS of the HYV equation 
R^ is the ESS of the LV equation
K is the total number of variables including the intercept
N is the number of observations for HYV a
N, is the number of observations for LV. b
The null hypothesis is that there is no difference in the
coefficients of the variables that are common to both sets of data.
The calculated ratio is compared with the tabulated value of F^.05
with V„ =K and V = (N + N, - 2K) degrees of freedom, which is the 1 2 a b
expected value for F if the null hypothesis were true.
When the data are pooled two dummy variables are used.
They are:.
) LV with fertilizer = 1 
1 ) Otherwise = 0
)
) Per Acre Actual Fertilizer on HYV Farms 
D2 ) For LV Farms = 1 
)
These dummy variables do not add anything to the pooled data. They 
are already implicitly included in the individual data sets and are
0 technique to allow the pooled regression to be fitted to the data.
5.2.1.1 Results of the Chow Test
From the results of the regression we can now test the null 
hypothesis that there is no difference in the coefficients obtained 
from the two different varieties of wheat. We have- (Table 5.5):
TABLE 5.5
SUMMARY OF THE ESTIMATED COEFFICIENTS AND THE RELATED STATISTICS
Variables Pooled Data(With Dummy) LV Wheat(With Dummy) HYV Wheat
Coefficients t-values Coefficients t-values Coefficients t-values
Fertilizer - Dummy 0.072 6.320** 0.160 5.33**
Human Labour 0.292(.03130) 9.33** 0.253 4.890** 0.300 8.26**
Animal Labour 0.019(.02722) 0.69 - 0.007 0.197 0.032 0.64
Seed 0.382(.05472) 6.98** 0.330 3.020** 0.370 6.74**
Manure 0.010(.00738) 1.40 0.007 0.836 0.059 2.62**
Dummy 1 0.064(.00848) 7.59**
Dummy 2 0.149(.00483) 30.83
Constant (log oKDorifu -0.231 -0.604
—2R 0.97 0.71 0.88
Regression SS 8.169 0.359 0.437
Errors SS 0.195 0.134 0.053
F-ratio 1189.00 45.04 133.09
No of Observations 178 90 88
** Significant at the 1% level
In the pooled regression: Dummy 1 ( LV with Fertilizer = 1 ) Dummy 2 ( Actual Fertilizer for HYV per acre )
( Otherwise = 0 ) ( All LV Farms =1 )
In the LV; Dummy = Fertilizer Users = 1; Otherwise = 0
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R = 0.195 P
R = 0.053 a
Rb = 0.134
{
p* = _
When we compare the observed F* ratio with the tabulated
value of F .05 with Vi = K = 5 and V_ = (N + N, - 2K) = 168 degrees o 1 2 a b
of freedom, we get the tabulated value 3.11. Thus the calculated 
value is lower than the tabulated value. So the null hypothesis 
that there is no difference in the coefficients obtained from the 
two samples other than the fertilizer cannot be rejected and we 
accept the null hypothesis that there is no difference in the common 
coefficients.
We now direct our attention to the differences between the 
fertilizer coefficients. In order to compare the fertilizer 
coefficients the best strategy is to divide the LV farms in two groups:
(i) LV with fertilizer.
(ii) LV without fertilizer.
Then we can compare the LV with fertilizer farms with the HYV farms, 
all of which use fertilizer.1 The results of the regression of LV 
farms with fertilizer are given in Table 5.7.
1 None of the LV farms used irrigation water. Since the HYV farms used 
irrigation, they are not pooled with the LV farms using fertilizer, 
although the Chow test established no difference in the coefficients 
of the two groups.
K = 5
N = 88a
N = 90b
RP - < VV > / 5
(Ra+Rb) / (N +N -2K) 
a b
0.195 - 0.187) / 5 
(0.187) / 168
0.001600
0.001113
= 1.43
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TABLE 5.6
LV FARMS WITHOUT FERTILIZER
Variable Coefficient StandardError t-values
Manure 0.007 0.009 0.84
Human Labour 0.160 0.063 2.46**
Animal Labour 0.110 0.130 0.86
Seed 0.200 0.160 1.21
Constant (log C) = -0. 5617
-2R = 0.18
F = 3.64
Number of observations = 50
** Significant at the 1% level
TABLE
LV FARMS USING
5.7
FERTILIZER
Variable Coefficient StandardError t-values
Fertilizer 0.085 0.033 2.54**
Human Labour 0.390 0.093 4.25**
Animal Labour 0.015 0.032 0.46
Seed 0.350 0.109 3.22**
Manure 0.090 0.054 1.77*
Constant (log C) = -0.8814
R2 = 0.68
F = 18.17
Number of observations = 40
** Significant at the 1% level
* Significant at the 5% level
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TABLE 5.8
HYV AND LV FARMS USING FERTILIZER
Variable Coefficient StandardError t-values
Dummy B 0 .089 0.022 4.06**
Human Labour 0.318 0.032 9.86**
Animal Labour 0.0009 0.022 0.00
Seed 0.361 0.049 7.36**
Manure 0-066 0.021 3.17**
Dummy A 0.188 0.016 11.42**
Constant (log C) = -0.6204 
-2R = 0.97
F = 884.08
SS (Errors) = 0.086
Number of observations = 128
Dummy A = ( Actual per Acre Fertilizer for HYV Farms )
( For LV Farms = 1 )
Dummy B = ( Actual per Acre Fertilizer for LV Farms )
( For HYV Farms = 1 )
** significant at the 1% level
TABLE 5.9
HYV AND LV WITH FERTILIZER FARMS 
(not using dummy)
Variable Coefficient
Standard
Error t-values
Fertilizer 0 -344 0.018 18.25**
Human Labour 0.217 0.049 4.35**
Animal Labour -0.010 0.036 0.28
Seed 0.542 0.074 7.25**
-G .040 0.030 1.32
Constant (log C) = -0.8204
-2R = 0.94
F = 407.28
SS (Errors) = 0.217
Number of observations = 128
** Significant at the 1% level
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For LV farms which use fertilizer, the coefficient of multiple 
-2determination (R = 0.68) indicates that about 68 percent of the variation 
is explained by the equation. The t-values of the coefficients of fert­
ilizer, human labour and seed are significant at the 1% probability level. 
The coefficient for manure is significant at the 5% probability level. The 
animal labour coefficient is not significant. All the coefficients have 
the expected sign.
A comparison of the LV with fertilizer farms with the HYV 
farms reveals that in both the cases the animal labour coefficient 
is not significant and the coefficients of seed and manure are more or 
less similar. There is, however, a considerable difference in the 
coefficients of fertilizer and human labour. The coefficients for 
fertilizer and human labour are 0.16 and 0.30 and 0.08 and 0.39 in the 
HYV and LV (with fertilizer) farms respectively.
The standard errors for each of the human labour coefficients 
indicate that the coefficients are not significantly different in that 
both lie within a 95 percent confidence interval of each other.
This, however, is not true of the fertilizer coefficients.
In order to test whether the differences between HYV farms 
and the LV farms with fertilizer are significant we perform a Chow 
test in the usual way.
We have:
R I 0.217 K = 6PR = 0.029 N = 40a a
R =■ 0.053 = 88
{R - (R +R, ) } / 6 p a d_______F* " (R +Rb) / (Na+Nb-2K)
{0.217 - (0.029+0.053)} / 6 
(0.029+0.053) / (128-12)
0.0225
------ = 32.14
0.0007
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The observed F* ratio, 32.14 is larger than the tabulated value 
2.95. Thus the null hypothesis that the coefficients of the two 
groups are the same is rejected and we accept that the coefficients 
of the LV farms with fertilizer differ from those of the HYV farms.
It is now clear that there are differences in the 
coefficients of LV with fertilizer farms and the HYV farms. Which 
coefficients differ? The results suggest that the difference is 
confined to the fertilizer coefficient. To test this hypothesis we 
perform a Chow test again using dummy variables to allow the 
fertilizer coefficient to vary. This test is done in a slightly 
unusual way as clarified earlier.
The dummy variables used are:
D r Actual per acre fertilizer for HYV 
A For LV farms = 1
. Actual per acre fertilizer for LV B * For HYV farms = 1
The F* ratio is calculated as follows:
R = 0.086 = SS(Errors) of pooled regression (LV+HYV) with fertilizer 
^ using dummy variables
R = 0.029 = SS(Errors) of LV with fertilizer farms a
r^ = 0.053 = SS(Errors) of HYV farms
K = 6 = Number of variables including intercept
N = 40 = Number of LV farms using fertilizer a
N = 88 = Number of HYV farms b
<R„ - <W > / 6
F* <VV ' <VV2K)
{0.086 - (0.029+0.053)} / 6
(0.029+0.053) / (128-12)
0.00066=_________= 0.89
0.0007348
The tabulated value of F for the appropriate degrees of freedom
is 2.95. Thus the result of the Chow test suggests that there is
no difference in the common coefficients in the two groups. The
difference is confined to the fertilizer coefficient.
So far we have analysed two groups - LV farms with fertilizer
and the HYV farms. An additional discussion follows of the LV
farms without fertilizer. The variables included were human labour,
—2animal labour, seed and manure. The value of R was 0.18. The 
coefficient for human labour was 0.16. The coefficients for manure, 
animal labour and seed were 0.007, 0.11 and 0.20 respectively. The 
t-value of the human labour coefficient was significant at the 1% level
of probability. All the other coefficients were not significant.
A comparison of the LV farms without fertilizer with LV
farms with fertilizer reveals that with the exception of animal labour
all the three coefficients, viz. human labour, manure and seed are
-2 .lower than that of the LV farms using fertilizer. The R is very 
low in the LV without fertilizer farms - indicating the low degree of 
variation explained by the variables included in the equation.
5.2.2 Conclusion
One factor which is particularly important in the northwest 
region of Bangladesh is irrigation. Earlier we argued that since 
irrigation was expensive and since HYV of wheat used less water than 
HYV of rice that this technological characteristic of the two crops 
my be particularly important in a food planning context, unfortunately 
our HYV of wheat farms all used a similar amount of water per acre.
Hence it was not possible to estimate the marginal productivity of water 
for this crop. Furthermore, since rice data were unavailable we could
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not measure the different irrigation marginal productivities across 
the two crops. However, in the production function analysis we have 
discovered a number of interesting facts.
The results suggest that the sample consists of three groups 
of farms. The Local Variety farms (LV) which do not use fertilizer 
have the following characteristics:
(1) greater degree of variation, i.e. production 
functions do not fit as well;
(2) the production elasticities are lower; and
(3) only the human labour coefficient is 
significant.
The second group of LV farms with fertilizer appear to be 
closer to the HYV farms. They have the following characteristics:
(1) the production function fits the data better;
(2) the production elasticities tend to be higher 
than LV farms which do not use fertilizer; and
(3) a final test shows that all coefficients 
except fertilizer are the same as HYV.
The third group is farms growing HYV of wheat. All farms 
growing HYV used fertilizers. They have higher production function 
coefficients:
(1) all the coefficients are higher than the
LV with or without fertilizer group;
-2(2) the value of the R is the highest, i.e. 
the production function fits the data 
better; and
(3) all the coefficients have the expected
sign.
CHAPTER 6 96
MARGINAL PRODUCTIVITY OF FACTORS OF PRODUCTION
In this section the marginal productivity of factors of 
production will be analysed. This analysis should reveal significant 
insights into the allocative efficiency of farms growing wheat. The 
marginal product of factors are calculated for the three groups of 
wheat farms:
(1) LV without fertilizer
(2) LV with fertilizer
(3) HYV farms
6.1 Marginal Returns
Table 6.1 presents the estimates of geometric means, production 
elasticities and marginal productivities for four input factors in 
respect of farms growing LV wheat without the use of fertilizer. The 
marginal product of each input factor is calculated at the geometric 
means of the respective input and the estimated level of output. The 
estimated elasticities are those obtained from equation (3) of 
Chapter 5. The marginal product1of a particular input indicates 
the quantity that would be added to the output by the use of the last 
unit of that input.
The marginal productivity of human labour indicated an 
additional increase of .0044 maund of wheat per hour. The marginal 
productivity of animal labour was 0-0077 per hour. For seed per seer 
(2 lbs) and manure per maund the marginal productivities were .049 and 
.0022 maunds respectively. In value terms the marginal value 
productivities of one hour of human labour and of animal labour were 
Taka 0.26 and Taka 0.46 respectively. That of seed and manure were 
Taka 2.94 and Taka 0.14 respectively.
1 On the LV without fertilizer farms, only the human labour coefficient 
was significant. On both the LV with fertilizer and the HYV farms 
the animal labour coefficient was not significant. Marginal productivity 
of a factor in a group having insignificant coefficients should not be
taken seriously.
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TABLE 6.1
GEOMETRIC MEANS, PRODUCTION ELASTICITIES
AND MARGINAL PRODUCTIVITIES OF VARIOUS
INPUTS IN LV WHEAT WITHOUT FERTILIZER
Parameters Human Animal Seed Manure
Labour Labour(x1) «2> <x3) (x4)
G.M. 255.52 100.61 28.78 21.82
B.1 0.16 0.11 0.20 0.007
MP. =l
a YB. —a—1 X.1
0.0044 0.0077 0.0490 0.0022
MVP.1 0.26 0.46 2.94 0.14
(Tk.)
G.M.
B.1
MP.1
Y
MVP.1
Geometric Mean.
Estimated Production Elasticity of the ith Factor.
Marginal Productivity of the ith Factor.
Estimated Level of Output When Each Input is 
Held at its Geometric Mean.
Marginal Value Productivity of the ith Factor.
The marginal productivities for factors producing LV wheat
with fertilizer are shown in Table 6.2.
TABLE 6.2
GEOMETRIC MEANS, PRODUCTION ELASTICITIES
AND MARGINAL PRODUCTIVITIES OF VARIOUS
INPUTS OF LV FARMS USING FERTILIZER
Parameters Human Animal Seed Manure Fertilizer
Labour Labour
(x1) <X2> (X3) <x4) <V
G.M. 358.31 115.60 29.38 36.53 36.81
AB.l 0.39 0.015 0.35 0.09 0.085
MP.l 0.0100 0.0012 0.1103 0.0228 0.0210
MVP .1 0.60 0.07 6.61 1.36 1.26
(Tk.)
The estimated elasticities are obtained from the coefficients 
of the individual inputs of Table 5.7.
In the LV farms using fertilizer, the marginal productivity 
of human labour was 0.01 maund of wheat per hour of human labour. The 
marginal productivities of animal labour, seed, manure and fertilizer 
were 0.0012, 0.1103, 0.0228 and 0.0210 maund of wheat respectively per 
unit of input.
In value terms the marginal value product per unit of labour 
was Taka 0.60. The marginal value product of animal labour was Taka 
0.07. The marginal value products of seed, manure and fertilizer 
were Taka 6.61, 1.36 and 1.26 respectively. Table 6.3 presents the 
same set of calculations for farms growing HYV of wheat.
TABLE 6.3
GEOMETRIC MEANS, PRODUCTION ELASTICITIES
AND MARGINAL PRODUCTIVITIES OF VARIOUS
INPUTS OF FARMS GROWING HYV WHEAT
Parameters Human Animal Seed Manure Fertilizer
Labour Labour
(xi> (X2) <x3) <y <V
G.M. 446.85 157.67 40.02 25.59 160.31
B.i 0.30 0.03 0.37 0.06 0.16
MP.1 0.0137 0.0038 0.1890 0.0470 0.0200
MVP.1 0.82 0.22 10.80 2.82 1.20
(Tk.)
MFC.1 0.50 0.50 2.00 2.00 1.00
(Tk.)
MFC. - Marginal Factor Cost of the ith Factor.
The marginal productivity of labour indicates an additional 
increase of 0.0137 maund of wheat per hour. The marginal productivity 
per hour of animal labour was 0.0038 maund. That of seed, manure and 
fertilizer were 0.1890, 0.0470 and 0.0200 respectively.
6.2 Marginal Productivity Comparison for these Sets of Farms
6.2,1 Human Labour
The marginal productivities of human labour per hour were 
0.0044, 0.0100 and 0.0137 maund of wheat for LV without fertilizer, LV 
with fertilizer and HYV farms respectively. In value terms the 
marginal value productivities of human labour were Taka 0.26, 0.60 and 
0.82 on LV without fertilizer, LV with fertilizer and the HYV farms 
respectively. On the LV farms without fertilizer, the marginal value 
productivity of human labour was lower than the wage rate. In the
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other two cases it was higher than the wage rate. Thus these 
results suggest that the LV without fertilizer farms over-used the 
human labour input, while both the LV with fertilizer and the HYV 
farms have under-used the human labour input. The implication of 
these findings is discussed in the next section where the disaggregated 
results will be discussed in detail.
6* 2.2 Animal Labour
As regards animal labour use, an increase of one hour of 
animal labour would contribute 0.0077, 0.0012 and 0.0038 maund of 
wheat in LV without fertilizer, LV with fertilizer and HYV wheat farms 
respectively. In all the cases, the marginal value productivity of 
animal labour is lower than the price per hour of animal labour. In 
the case of LV with fertilizer farms, the marginal productivity of 
animal labour is nearer to the price of animal power. In other cases 
it is far below the market rate. One explanation for the high use of 
animal labour is that wheat is planted during the winter when there 
are few alternative activities to be performed on the farmer's fields. 
So during this season the farmers over-use animal power in the ex­
pectation that during the summer the tillage requirements for these 
farms would be minimal. Thus farmers make a saving of animal labour 
in the busy season - the summer - by using animal power during the 
slack season - the winter - in wheat farming. The existence of 
two seasons, and the possibility of transferring resource use between 
them complicates the comparison of marginal value products and factor 
prices.
6.2.3 Seed
The marginal return of seed was 0.0490, 0.1103 and 0.1890 in 
the case of LV without fertilizer, LV with fertilizer and HYV farms
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respectively. The marginal value products of seed in these sets of 
farms were Taka 2.94, 6.61 and 10.80 respectively. The cost per 
unit of seed was Taka 2.00. Thus if this analysis is correct all 
the farms have under-utilised the seed input. A detailed analysis 
of each farm shows that almost every farm under-utilised seed.
Although seed coefficients are significant in LV with fertilizer and 
HYV farms, we do feel a little uneasy about this result. However, 
we have had neither the time nor the data to pursue this question 
further.
6.2.4 Manure
The marginal return to a maund of organic manure was 0.0022,
0.0228 and 0.0470 for LV without fertilizer, LV with fertilizer and 
HYV farms respectively. The value of marginal products of manure 
for these farms were Taka 0.14, 1.36 and 2.82 respectively.
The per unit cost of manure was Taka 2.00. ^ These results 
suggest that the farms growing LV without fertilizer over-used the 
manure input. In the case of LV farms using fertilizer, the manure 
use is also not optimal; hence its MVP is lower than the cost of the 
input. In the case of HYV farms the value of the marginal product 
of organic manure is Taka 2.82. In this group of farms only,the MVP 
of organic manure is higher than the cost.
6.2.5 Fertilizer
The marginal product of LV with fertilizer and the HYV farms 
was 0.021 and 0.020 maund of wheat respectively. In value terms the 
marginal value productivities of fertilizer were Taka 1.26 and 1.20 
for LV with fertilizer and HYV farms respectively. The price per 
unit of fertilizer being Taka 1.00, the results suggest that both the 
groups of farms have under-used this fertilizer input. But the level 1
1 Although manure is a widely used fertilizing agent, it has no developed 
exchange market. Farmers generally use home-supplied manure. There is 
no institution engaged with the manure trade.
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of use is nearer to the optimum level of fertilizer use. So there 
appears to be no high degree of misallocation in the use of this 
resource.
One of the difficulties involved in the comparison of 
marginal value products and the price of seed and manure, for example, 
is that the market for these products is not very well developed.
Consequently farmers are not continually faced with selling or buying 
these inputs. Under these circumstances, given that the farms are small, 
marginal misallocations might always be expected.
6.3 Disaggregated Results for Labour
The marginal productivities discussed so far relate to the 
average farms. That is, these results indicate only the average 
level of the whole distribution. They do not answer any of the 
following questions:
Is the marginal productivity of a particular 
factor the same for all the farms?
How well do the individual farms allocate 
resources at hand?
Does allocative efficiency differ widely 
among the farmers?
What percentage of the farmers over-used 
or under-used a particular input?
With a view to examining the above questions the marginal 
productivity of the major input factor, labour, was estimated for each 
individual farm.1
It is evident from Table 6.4 that the marginal value productivity
of human labour for LV without fertilizer farms varied from less than
Taka 0.20 to above Taka 0.40 per hour. As is evident from1 Figure 6.1
about 75 percent of the farms earned an MVP of Taka 0.20 to Taka 0.29 in 1
1 Only the human labour coefficient was significant in common in all the
groups. So the marginal value productivity of labour may merit additional 
discussion, it was calculated on the basis of the observed yield.
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MARGINAL PRODUCTIVITY OF LABOUR ON LV FARMS NOT USING FERTILIZER
FIGURE 6.1
4.12
0.450.400.350.300.250.20
Marginal Value Productivity of Labour Per Hour (Taka)
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MARGINAL PRODUCTIVITY OF HUMAN LABOUR 
ON LV WITHOUT FERTILIZER FARMS
TABLE 6.4
Groups No of
Farms
Percent
of Total Farms
Cumulative
Frequency
Taka /
Hour
4 0.20 2 4 4
0.21-0.25 22 44 48
0.26-0.30 18 36 84
0.31-0.35 2 4 88
0.36-0.40 4 8 96
Above 0.40 2 4 100
Total 50 100
TABLE 6.
MARGINAL PRODUCTIVITY
ON LV FARMS USING
5
OF HUMAN LABOUR
FERTILIZER
MVP Groups No of Percent Cumulative
Farms of Total Farms Frequency
Taka / 
Hour
£ 0.50 1 2.5 2.5
0.51-0.55 9 22.5 25.0
0.56-0.60 11 27.5 52.5
0.61-0.65 13 32.5 85.0
0.66-0.70 4 10.0 95.0
0.71-0.75 1 2.5 97.5
0.76-0.80 1 2.5 100.0
Total 40 100.00
TABLE 6.6
MARGINAL PRODUCTIVITY OF HUMAN LABOUR
ON HYV FARMS
MVP Groups No of
Farms
Percent
of Total Farms
Cumulative
Frequency
Taka /
Hour
^0.50
0.51-0.55 - - -
0.56-0.60 2 2.27 2.27
0.61-0.65 2 2.27 4.54
0.66-0.70 8 9.09 13.63
0.71-0.75 16 18.18 31.81
0.76-0.80 12 13.64 45.45
0.81-0.85 21 23.86 69.31
0.86-0.90 13 14.77 84.08
0.91-0.95 4 4.55 88.63
0.96-1.00 4 4.55 93.18
1.01-1.05 1 1.14 94.32
1.06-1.10 2 2.27 96.59
1.11-1.15 1 1.14 97.73
1.16 and above 2 2.27 100.00
All Farms 88 100.00
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FIGURE 6.2
MARGINAL PRODUCTIVITY OF LABOUR ON LV FARMS USING FERTILIZER
0.50 0.55 0.60 0.65 0.70 0.75
Marginal Value Productivity of Labour
Per Hour (Taka)
.80
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this group of farms and about 80 percent of farms earned an MVP ranging 
from Taka 0.20 to Taka 0.30 per hour.
The marginal value productivity of labour on LV farms using 
fertilizer is observed in Table 6.5 and Figure 6.2. For most of the 
farms the marginal value productivity of labour ranged from Taka 0.50 to 
0.70. About 92.5 percent of the total farms in this group earned 
marginal value productivity at that level. About 70 percent of the 
farms earned an MVP ranging from Taka 0.55 to 0.70 (Figure 6.2). For 
this group of farms, all but one farm experienced a marginal value 
product of labour greater than the wage rate.
The marginal value productivity of human labour for the HYV 
farms varied between Taka 0.57 to 1.32 per hour. The farm using the 
lowest labour hours had the highest marginal productivity of labour.
On the other hand farms using the highest amount of human labour earned 
the lowest marginal productivity.
It is clear from Table 6.6 (Figure 6.3) that 82.5 percent of the 
HYV farms earned an MVP ranging from Taka 0.69 to 1.00 and only 10 
percent of farms earned an MVP ranging from Taka 0.57 to 0.68. Thus 
all the farms growing HYV wheat earned a marginal productivity of labour 
higher than the wage rate, Taka 0.50 per hour.
The relationship between the level of human labour use and the 
marginal value productivity of labour is summarized in Figure 6.4 with 
the details in Appendix Tables 1, 2 and 3.
It is clear from Figure 6.4 that the marginal value productivity 
of all the LV farms not using fertilizer is below the wage rate. This 
indicates that all the LV farms not using fertilizer over-used their 
labour input. On the other hand the marginal value productivities of 
both the LV with fertilizer farms and the HYV farms are higher than the
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FIGURE 6.3
MARGINAL PRODUCTIVITY OF LABOUR ON HYV WHEAT FARMS
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FIGURE 6.4
COMPARISON OF THE MARGINAL PRODUCTIVITY OF LABOUR ON THE THREE SETS OF FARMS
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wage rate indicating the under-use of human labour for these two groups 
of farms.
The implication of the labour productivity on wheat farms may 
be explained in terms of the nature of the crop. Wheat is grown 
during the slack season of the year - when there is little opportunity 
for employment outside the farmer's own farm. In the case of HYV and 
LV with fertilizer farms, where not more than 20 percent of the produce 
is sold, the higher rate of return may be because in the subsistence 
economy farmers do not regard the farming business in a purely accounting 
sense , in that Marginal Cost equals Marginal Revenue.
On the other hand farmers are less interested in incurring cash 
expenses and hence like to make the most use of the limited home 
supplied resources.
The value of the marginal productivity of labour higher than the 
wage rate may also be the outcome of the seasonal distribution of labour. 
Farmers generally work hard during the summer which is the 'peak season' 
of the year. During winter they usually like to spend a considerable 
amount of their time in leisure. The intense desire to enjoy leisure 
is, again, due to low opportunity cost of labour in this slack season.
The situation could also be explained in terms of the purchasing 
power of the farms. Most of the farms under study being small, their 
purchasing power is very weak. Consequently they have limited access 
to supply of inputs. On the other hand , the labour requirements on the 
HYV farms are higher because of the use of fertilizer and irrigation and 
performing intercultural operations. So for HYV of wheat requiring a 
high level of labour, they may not exploit the production potential of
labour due to resource constraints.
The high—use of human labour and consequently the lower marginal 
productivity on LV farms not using fertilizer may be the result of lack 
of alternative employment opportunities of these farmers. The 
opportunity cost of family labour in these farms during this season is
Ill
almost zero. Under these circumstances over-use of labour input by 
these farms seems to be rational because their productivity, although 
below the wage rate, is much higher than zero.
Finally this misallocation of labour input might be the result 
of lack of the knowledge of efficient resource allocation of the wheat 
farms. HYVs are relatively new and sufficient time may not have elapsed 
for farmers to discover the optimal level of resource allocation. It 
is noted that the labour application on HYV wheat farms is three to four 
fold of that of LV farms. This suggests that the HYV farms have already 
adapted to the high demand for labour of HYV of wheat. But due to lack 
of knowledge of efficient resource allocation the adjustment has been 
slow, and hence the high value of marginal productivity.
6.4 Conclusion
In this chapter an attempt has been made to analyse the 
aggregated marginal productivities of major inputs and the disaggregated 
marginal productivity of human labour.
The marginal value productivity of human labour in the LV without 
fertilizer farms was lower than the wage rate. In the other two groups
of farms the marginal productivities were higher than the wage rate. In 
all the three groups of wheat farms the animal labour input has been over­
used. The explanation of the high use of animal labour may be because 
that the wheat farmers over-use animal power in the slack season in the 
expectation that during the next summer the tillage requirements for 
these farms would be minimal. The over-use of manure on both the LV 
with fertilizer and the LV without fertilizer farms is due to the 
expectation of a residual effect from the manure and the low opportunity 
cost of this input and hence the high use of this home supplied
fertilizing agent. The low use of manure on the HYV farms may be due
1 The wage rate assumed during the period was Taka 4.0 per day. It was
70-100percent higher during the peak season. Due to widespread seasonal 
unemployment during this period, the rate was practical. Moreover, members 
of most families do not like to be members of the hired labour market.
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to use of modern inputs like fertilizer and irrigation. The higher 
marginal productivity of seed is difficult to explain.
Both the LV farms using fertilizer and the HYV farms have under­
used fertilizer input. But the degree of misallocation is relatively
small.
The results of the disaggregated marginal productivities of 
labour indicate that all the farms in the LV without fertilizer group 
over-used labour whereas both the LV with fertilizer and the HYV farms 
have under-used this input. The low marginal productivities of labour 
on the LV without fertilizer farms is the result of the lack of 
employment opportunities outside their own farms. On the LV with 
fertilizer and the HYV farms the high marginal productivity of labour 
may possibly be the outcome of the slow adjustment of these farms to 
the high labour requirements of wheat farms using modern inputs like 
fertilizer, irrigation etc.
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CHAPTER 7
SUMMARY AND CONCLUSION
The main purpose of this study has been to investigate the 
production potential of the HYVs of wheat in northwest Bangladesh.
The study has also two subsidiary objectives:
(a) to describe the consumption requirements
and production of foodgrains in the Bangladesh 
economy; and
(b) to provide information and to evaluate the 
impact of the introduction of HYV rice on the 
Bangladesh economy. Chapter 1 discusses the 
consumption requirements and production of 
foodgrains in the sixties and mid seventies.
It was observed that about 77 percent of the civilian labour force 
are dependent on agriculture and above 90 percent of the population live 
in the rural areas. The cropping intensity in Bangladesh is 150 
percent. Only 16 percent of the total cropped area is under irrigation. 
The potentialities of the cheaper sources of irrigation water have already 
been exploited. To bring additional land under irrigation will involve 
increasing cost.
The quantum of food shortage in Bangladesh varies from 15 — 25 
percent of the total food requirement. This proportion is likely to 
increase because the rate of growth of population is unlikely to be 
reduced relative to the rate of growth of food production.
Recently most food imports have been wheat. The contrast with 
the domestic production is marked. Domestic production of wheat is
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usually less than 1 or 2 percent of grain production, but the import 
of wheat accounted for about 90 percent of foodgrain imports. The 
increased food imports have been a heavy drain on foreign exchange 
earnings. Although wheat production is small its impact on the 
balance of payments means that in many ways it is a crop of crucial 
importance.
Over recent years, the government has placed a high priority 
on attaining self-sufficiency in foodgrain production. A review of 
the planned targets from the First Five-Year Plan reveals that the 
targets were not realised, hence the large wheat imports. There 
were fluctuations in the annual production. Consequently the plans 
were revised. But the revisions in most cases were downwards. The 
plans proved to be ambitious and the actual achievements lagged 
behind planned targets.
In view of the chronic foodgrain shortage and mounting population 
pressure, it was felt by experts that it was impossible to rely 
entirely on traditional rice varieties which have limited growth 
potential. Thus attention was directed towards HYVs of "miracle rice".
A concerted effort to increase foodgrain production by 
introducing HYV rice started in the mid sixties. This programme got 
considerable impetus after the emergence of Bangladesh. During the 
post liberation period these programmes were adopted and updated 
regularly with a view to attaining self-sufficiency in foodgrains by 
the year 1978. It was planned that the self-sufficiency in the 
production of foodgrains would be achieved by increased crop area and 
by multiple cropping made possible by irrigation.
A review of the programme indicates that the rate of achievement 
of the HYV rice programme was limited. By 1976-77, the actual pro-
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duction reached 84 percent of the target of that year. Furthermore 
rice production had not increased beyond that of three years earlier. 
Despite the failure to reach production targets, it is clear that 
there had been some success. The HYVs of rice have increased from
6.7 percent in 1971-72 to 13 percent in acreage in 1976-77. Further­
more, HYVs have been very successful in contributing to extra production. 
In 1976-77 for example the 13 percent of acreage under HYV contributed 
25 percent of total production.
Generally speaking the record of Bangladesh in adopting HYV rice 
is poor. This is evidenced by the fact that in 1972-73 the proportion 
of rice devoted to HYV in Bangladesh exceeded only that of Burma, Laos 
and Thailand. Furthermore, the rate of increase of HYV acreage to 
1976-77 has been slow.
In Chapter 2 we discussed the success of the programme to 
introduce high yielding rice varieties. It was observed that high 
yielding rice varieties are not equally suitable for all seasons or all 
areas of Bangladesh. Even if modern inputs are made available to the 
farmers there will be very limited scope for expansion of the acreage 
under HYVs of rice due to excessive rains, floods and lack of a 
regular water supply. In addition the HYVs of rice have proved to be 
susceptible to a greater incidence of pest and plant diseases.
Furthermore, HYVs of rice are expensive in terms of irrigation 
requirements. Consequently, not all the emphasis on production for 
future food requirements should necessarily be placed on the intro- 
troduction of high yielding rice varieties.
Chapter 3 begins the analysis of the introduction of high yielding 
varieties (HYV) of wheat. HYV of wheat are not likely to have a 
significant outcome in all parts of Bangladesh. Where rainfall is
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adequate, rice is the preferred crop. However, in the northwest of 
Bangladesh the low rainfall, fertile soil and availability of land 
suggest that the introduction of HYV of wheat may be a development 
strategy particularly in winter.
In the rice economy of Bangladesh wheat is a minor crop. In 
percentage terms it comprises 1-2 percent of grain production. In 
terms of consumption it comprises 15-20 percent of total foodgrain 
consumption. Because of the failure of domestic production to 
satisfy domestic demand, most of the shortfalls have been met by 
imports. Because the price of rice on the international market is 
higher, about 90 percent of the foodgrain imported to Bangladesh has 
been wheat in recent years.
The data on wheat production shows a very low acreage and 
production in Bangladesh until 1976. In 1970-71 the total acreage 
under wheat was 0.31 million acres and the total production was 0.11 
million tons. The per acre yield of LV wheat was 600-741 lbs
whereas that of HYV of wheat was 1000-1300 lbs per acre. The more 
recent data (1972-78) provide quite a different picture. The per 
acre yield of wheat in Bangladesh exceeded 1700 lbs in 1976. This is 
higher than that of Nepal, Pakistan, China, India, Turkey and 
Afghanistan and lower only than that of Japan and Korea. Total wheat 
acreage in 1978 was 0.45 million acres and total production was 0.35 
million tons.
In Chapter 4 the field data from a sample of farms are analysed 
in a simple tabular fashion. A number of characteristics of the LV 
and HYV farms in general were evident. These characteristics provided 
useful background knowledge for the more complicated analysis in the 
next section. The main relationships, which are measured without
117
keeping other inputs constant, should not necessarily be taken as causal 
relationships. They are as follows:
(1) In general, farms which crop HYV of wheat 
apply more of all inputs. With the 
exception of manure there was little overlap 
in input use between the two farm groups.
The level of input use is significantly
less for farms planting local wheat varieties.
(2) For LV farms the association between input 
use and yield is positive for all inputs 
considered above. Greater input use is 
associated with higher yields.
(3) For farms which crop HYV wheat the 
association between input use and yield 
is positive in general but for a number 
of inputs there is a tendency for those 
farms which use the highest rate of input 
to experience a lower yield. Yield 
tends to peak in the category of the 
second largest rate of input use.
(4) For each input, where utilization rates 
overlapped, the yields of HYV wheat were 
approximately twice those of LV.
(5) There is a positive relationship between 
each of the inputs. If more of one 
particular input is used per acre it tends 
to be associated with more of other inputs.
There is a strong positive association
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between fertilizer and human labour and 
to a lesser extent between human and 
animal labour. The relationships are
similar in the LV and the HYV farms.
In the case of the HYV farms these 
associations appear to be a little stronger.
Although all inputs are positively 
associated the degree of multicollinearity 
does not appear to be a problem. None 
of the intercorrelations exceed 0.80.
Farming practices in these farms, therefore, 
do not exhibit a high degree of sub­
stitution between inputs in the sense 
that if more of one input is used per acre, 
then less use is made of another.
In Chapter 5 the potentiality of wheat production in northwest 
Bangladesh is investigated within the framework of a production 
function analysis.
The production function was fitted to three different sets of 
farms - HYV farms, LV farms using fertilizer and the LV farms not using 
fertilizer. These three sets of farms exhibited different 
characteristics.
LV farms which do not use fertilizer have the following 
characteristics:
(1) a greater degree of variation, i.e. production 
functions do not fit as well;
(2) the production elasticities are lower; and
(3) only the human labour coefficient is
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significant.
The second group of LV farms with fertilizer appear to be closer 
to the HYV farms. They have the following characteristics:
(1) the production function fits the data better;
(2) the production elasticities tend to be higher 
than LV farms which do not use fertilizer; 
and
(3) a final test shows that all coefficients 
except fertilizer are the same as HYV.
The third group is farms growing HYV of wheat. All farms 
growing HYV used fertilizers. They have higher production function 
coefficients:
(1) all the coefficients are higher than the
LV with or without fertilizer group;
-2(2) the value of the R is the highest, i.e. 
the production function fits the data 
better; and
(3) all the coefficients have the expected 
sign.
The results suggest that even in the LV farms the yield per acre 
is higher in farms using fertilizer. The use of fertilizer increases 
the productivity of other inputs in a set of farms using fertilizer.
In Chapter 6 an attempt is made to calculate the aggregated
marginal productivities of major inputs.
The marginal value productivity of human labour in the LV without
fertilizer farms was lower than the wage rate. In the other two 
groups of farms the marginal value productivity of labour is higher
than the wage rate.
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In all the three groups of wheat farms the animal labour input 
has been over-used. An explanation of the high use of animal labour 
may be that wheat farmers over-use animal power in the slack season in 
the expectation that during the next summer, the busy season, the 
tillage requirements for these farms would be minimal. The over-use 
of manure on both the LV with fertilizer and LV without fertilizer is due 
to the residual effect and low opportunity cost of manure and hence the 
high use of this home-supplied fertilizing agent. The low use of 
manure on the HYV farms may be due to the use of modern inputs like 
fertilizer and irrigation. The high marginal productivity of seed 
relative to its real cost is difficult to explain.
Chapter 6 ends with the disaggregated analysis of the marginal 
productivity of the major input - human labour for the three groups 
of farms. The marginal value productivity of human labour is higher 
than the wage rate in the HYV and the LV using fertilizer farms - while 
it is below the wage rate in the LV farms not using fertilizer.
The high use of human labour in the LV without fertilizer farms 
may be due to the lack of opportunities for work outside the farms 
during the slack season of the year. The application of labour per 
acre on the LV with fertilizer and the HYV farms is three to four times 
that of the LV without fertilizer farms. The greater use (but still 
less than the optimal use) of human labour on farms may possibly be 
the outcome of the slow adjustment of these farms to the high labour 
requirements of wheat farms using modern inputs like fertilizer, 
irrigation etc.
The situation could also be eiqplained in terms of the purchasing 
power of the farms. Most of the farms under study being small, their 
purchasing power is very weak. Consequently they have limited access
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to supplies of inputs. So for HYV of wheat where the labour 
requirements are much greater than LV wheat they may not like to 
exploit the production potential of the human labour input due' to 
resource constraints.
Finally this misallocation of the labour input might be the 
outcome of the wheat farmers' lack of knowledge of efficient resource 
allocation. HYVs are relatively new and sufficient time may not have 
elapsed for farmers to discover the optimal levels of resource 
allocation.
One factor which is particularly important in the northwest 
region of Bangladesh is irrigation. It was argued earlier that since 
irrigation is expensive and since the water requirement of HYV of wheat 
is lower than that of HYV of rice, that this technological characteristic 
of the two crops may be particularly important in the context of 
increasing foodgrain production. Unfortunately the HYV of wheat farms
all used a similar amount of water per acre. Hence it was not 
possible to estimate the marginal productivity of water for this crop. 
Furthermore, since rice data are unavailable it was not possible to 
measure the marginal productivities of water across the two crops. To 
complete a successful study of the different water requirements of both 
crops a much wider range of data than that available would be needed.
In the process of conducting this study quite a lot has been 
learnt about food production in Bangladesh and the technological 
characteristics of the production of HYVs of wheat. It appears that 
there is considerable scope for the introduction of HYVs of wheat and 
in fact rapid progress has been made over the last 3-4 years in this 
crop. However, this study has concentrated, because of data inadequacy, 
on wheat alone which is a small part of the food production capabilities
of northwest Bangladesh. To place our results in a planning context
a similar study would be needed comparing our results for wheat 
against a similar set of results from farms growing other crops, 
work remains to be done.
This
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
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• APPENDIX TABLE 1
MARGINAL VALUE PRODUCTIVITY OF INPUT 
FACTORS IN LV WITHOUT FERTILIZER WHEAT FARMS
(in Taka)
Marginal Value Productivity of
Human Animal Seed Manure
Labour Labour
0.24 0.44 2.87 0.09
0.24 0.38 2.86 0.08
0.30 0.38 2.74 0.10
0.22 0.41 2.73 0.10
0.30 0.28 2.66 -
0.30 0.46 3.03 0.10
0.22 0.50 2.88 0.07
0.21 0.41 2.98 0.08
0.36 0.46 3.45 0.13
0.22 0.44 2.94 0.13
0.24 0.48 3.06 0.10
0.24 0.52 2.98 0.10
0.30 0.47 3.54 0.11
0.22 0.47 3.13 0.07
0.29 0.41 3.00 0.08
0.24 0.44 2.97 0.09
0.24 0.34 2.16 0.11
0.27 0.55 2.85 0.08
0.30 0.43 3.12 0.14
0.24 0.40 2.81 0.11
0.22 0.49 3.33 0.14
0.28 0.40 2.75 0.08
0.22 0.46 2.65 0.10
0.22 0.43 2.55 0.11
0.27 0.45 2.27 0.07
0.20 0.47 3.08 0.10
0.24 0.34 3.52 0.10
0.24 0.50 3.39 0.10
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
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TABLE 1 Continued.
Marginal Value Productivity of
Human Animal Seed Manure
Labour Labour
0.28 0.41 2.82 0.12
0.20 0.38 3.03 0.16
0.34 0.56 2.83 0.20
0.29 0.59 3.05 0.14
0.21 0.46 2.77 0.19
0.20 0.50 3.05 0.10
0.19 0.48 3.06 0.14
0.26 0.52 2.98 0.11
0.22 0.55 2.92 0.11
0.20 0.44 2.68 0.13
0.29 0.57 3.74 0.08
0.23 0.57 3.22 0.10
0.24 0.50 2.59 0.11
0.28 0.53 3.03 • 0.12
0.34 0.46 2.94 0.13
0.40 0.54 3.08 0.14
0.36 0.50 2.85 0.03
0.24 0.50 4.35 0.13
0.42 0.52 3.09 0.10
0.36 0.45 2.57 0.13
0.42 0.57 3.27 0.11
0.28 0.51 3.10 0.14
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APPENDIX TABLE 2
MARGINAL VALUE PRODUCTIVITY OF 
INPUT FACTORS IN LV WITH FERTILIZER WHEAT FARMS
(in Taka)
Farm Marginal Value Productivity of
Number Human
Labour
Animal
Labour
Seed Manure Fertilizer
1 0.60 0.07 7.50 1.20 1.05
2 0.67 0.08 7.59 1.26 1.14
3 0.55 0.07 3.05 0.90 1.20
4 0.57 0.05 5.93 1.08 0.96
5 0.66 0.07 7.22 1.20 1.02
6 0.59 0.07 6.38 2.10 1.38
7 0.63 0.06 5.61 1.50 0.90
8 0.63 0.07 6.30 1.38 1.26
9 0.58 0.07 6.80 1.20 1.18
10 0.67 0.07 6.03 1.74 1.44
11 0.60 0.10 7.40 1.62 2.04
12 0.56 0.11 6.93 1.14 1.14
13 0.55 0.07 5.23 1.92 2.82
14 0.52 0.10 6.35 1.26 1.38
15 0.55 0.08 7.20 1.20 1.92
16 0.52 0.08 6.51 1.14 1.20
17 0.56 0.08 7.12 1.32 1.06
18 0.59 0.08 7.48 1.08 1.02
19 0.56 0.07 6.72 1.26 1.14
20 0.57 0.08 6.37 1.38 0.90
21 0.50 0.07 7.50 2.40 1.02
22 0.64 0.07 5.28 1.08 3.00
23 0.65 0.07 6.30 1.08 0.96
24 0.68 0.05 6.24 1.38 1.20
25 0.62 0.08 7.38 1.08 1.56
26 0.55 0.08 7.38 1.26 1.86
27 0.63 0.07 6.00 1.50 1.56
28 0.76 0.08 7.86 1.14 1.26
29
30
31
32
33
34
35
36
37
38
39
40
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TABLE 2 Continued.
Marginal Value Productivity of
Human Animal Seed Manure Fertilizer
Labour Labour
0.65 0.07 7.74 1.14 1.32
0.65 0.08 7.32 1.86 1.20
0.54 0.07 6.12 0.90 3.06
0.65 0.09 7.20 1.68 1.44
0.64 0.07 6.72 1.32 0.78
0.62 0.07 6.12 1.68 1.32
0.60 0.09 7.50 1.38 0.96
0.55 0.07 7.32 1.44 0.72
0.59 0.08 6.78 1.26 0.96
0.77 0.07 5.22 1.50 1.50
0.62 0.10 6.12 1.32 1.32
0.62 0.06 5.94 1.56 2.34
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APPENDIX TABLE 3
MARGINAL VALUE PRODUCTIVITY OF 
INPUT FACTORS OF HYV OF WHEAT FARMS 
(in Taka)
Farm Marginal Value Productivity of
Number Human
Labour
Animal
Labour
Seed Manure Fertilizer
1 0.76 0.22 11.04 4.20 0.90
2 0.65 0.20 9.60 2.52 1.38
3 1.32 0.23 11.73 2.58 1.14
4 0.78 0.27 13.02 2.04 1.62
5 0.80 0.29 12.16 3.30 1.08
6 1.28 0.18 9.60 2.52 1.26
7 1.03 0.29 9.60 0.54 1.44
8 1.14 0.21 9.60 2.16 1.32
9 0.90 0.22 11.04 3.96 0.90
10 0.84 0.22 9.60 3.30 0.78
11 0.70 0.22 10.42 3.84 1.32
12 0.57 0.26 9.62 2.52 2.34
13 1.00 0.25 11.73 2.46 1.20
14 0.90 0.22 9.60 2.04 1.26
15 0.96 0.21 10.42 3.90 0.84
16 0.84 0.29 9.60 2.04 1.74
17 0.73 0.31 11.04 2.40 1.80
18 0.81 0.23 10.22 2.94 1.20
19 0.84 0.20 11.73 1.98 1.14
20 0.72 0.27 10.14 3.42 1.26
21 0.78 0.25 11.63 4.38 1.08
22 0.84 0.22 11.14 4.80 1.02
23 0.71 0.21 9.55 2.46 1.14
24 0.70 0.23 14.13 2.40 1.14
25 0.73 0.20 13.48 2.40 0.90
26 0.88 0.18 11.07 2.52 1.26
27 0.70 0.21 12.61 2.94 1.08
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APPENDIX TABLE 3 *Continued.
Farm Marginal Value Productivity of
Number Human
Labour
Animal
Labour
Seed Manure Fertilizer
28 0.86 0.25 11.78 8.04 1.14
29 0.78 0.21 13.47 2.10 1.02
30 0.84 0.26 10.94 1.86 1.62
31 0.83 0.20 11.19 3.30 0.94
32 0.86 0.25 11.23 2.34 1.68
33 0.71 0.22 11.23 3.66 1.32
34 0.75 0.21 11.98 3.00 1.26
35 0.92 0.19 10.16 2.40 1.26
36 0.82 0.25 11.04 2.58 1.68
37 0.87 0.26 12.07 4.14 1.26
38 0.81 0.22 11.93 4.50 1.08
39 0.84 0.23 10.02 2.58 1.08
40 0.57 0.18 11.91 2.82 0.84
41 0.89 0.28 12.88 1.37 0.78
42 0.82 0.25 12.65 1.44 0.84
43 0.86 0.25 11.65 2.40 1.26
44 0.75 0.23 11.39 3.84 1.08
45 0.79 0.23 10.44 4.02 1.20
46 0.70 0.22 12.36 2.82 1.08
47 0.80 0.18 10.05 2.52 1.32
48 0.91 0.19 10.78 1.92 1.26
49 0.78 0.21 13.03 1.62 1.08
50 1.06 0.20 12.20 1.80 ' 1.02
51 0.93 0.25 9.53 3.60 1.02
52 0.87 0.14 13.85 1.62 0.78
53 0.84 0.20 11.94 2.58 1.02
54 0.71 0.23 12.45 3.30 1.98
55 0.75 0.26 11.46 2.70 1.80
56 0.70 0.23 10.39 3.84 1.32
57 0.82 0.20 14.12 2.88 0.96
58 0.82 0.21 12.88 1.50 0.84
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APPENDIX TABLE 3 Continued.
Farm Marginal Value Productivity of
Number Human
Labour
Animal
Labour
Seed Manure Fertilizer
59 0.65 0.21 10.73 2.70 1.74
60 0.74 0.24 11.05 2.46 1.80
61 0.69 0.25 11.98 3.12 1.20
62 0.81 0.21 10.69 3.00 1.26
63 0.90 0.20 10.16 3.54 1.20
64 0.82 0.24 10.30 2.10 1.44
65 0.70 0.18 12.24 3.12 1.14
66 0.96 0.23 10.64 2.94 1.02
67 0.90 0.16 10.86 2.34 1.14
68 0.68 0.24 12.32 2.88 1.14
69 0.84 0.23 11.44 4.38 0.96
70 0.83 0.22 12.27 2.52 1.08
71 0.72 0.22 12.10 3.42 1.08
72 0.72 0.25 15.22 4.14 1.20
73 0.78 0.25 12.47 4.20 0.90
74 0.91 0.24 14.30 3.18 1.20
75 0.96 0.33 12.16 2.22 1.26
76 0.90 0.22 10.60 2.34 1.20
77 0.80 0.25 10.67 3.30 0.90
78 0.78 0.26 12.42 3.18 1.92
79 0.78 0.27 13.44 3.66 1.26
80 0.84 0.22 12.46 2.70 1.02
81 0.72 0.26 10.66 3.24 1.02
82 0.72 0.28 11.21 3.30 1.38
83 0.90 0.28 9.95 2.76 1.44
84 0.72 0.27 9.55 2.28 1.32
85 0.72 0.23 12.31 2.82 1.20
86 0.84 0.30 12.04 ■ 2.94 1.44
87 1.08 0.18 9.84 2.52 1.32
88 0.84 0.22 8.75 2.22 1.26
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